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ABSTRACT 

A driver education project test€d the hyjc thesis that 
measurable improvements in fleet fuel' eccncBy can be achieved by 
driver awareness training in f uel-ef f^icient driving techniques and by 
a manifold vacuum gauge, used individually or in combination with 
each ether. From April 1976 through ijecemter 1 97T data were collected 
in the Las Veqas, Nevada,^ area from *j35 light-duty flee't vehicles 
driven in typical highway and urban envircEment s. More than six 
million te st, vehicle-miles were accumulated in the course of the 
prbiect. The test result^s support th4 hjpcthesis. However , the 
magnitude of the improvements (four ^bo six percent) is less than had 
been achieved in earlier tests conducted by others (ten tc twenty 
percent This difference may be attributable tc the fact that 
motivational and performance feedba)(:k techniques were deliberately 
omitted from the test environment. 'Additionally, smaller inErov)ements 
in fuel eQonomy also appeared in t^le untreated control groups> 
sucfqesting that driver knowledge of the test and informal inf otmation 
exchange among drivers about fuel-efficient driving techniques may 
have influenced the results. (Information cc the test site and test 
-vehicle c ha rat: teri sties and description of r±he/ driver training 
methods and materials are appended.) (Autho^ifsS) 
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NOTICE 



This report was fifeparj&d as an account of work sponsored by the 
United States Government. Neither t^e United States nor the United 
' States Departtnent of Energy, nor apy of their employees, makes any 
yvarranty, express or implied, or assumes any legal liability or s 
responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, Q^process disclosed, or represents , 
that its use would not infringe privately owned rights. Reference 
herein to an\^ specific commercial product, process, or service by 
trade name, mark, manufacturer, or otherwise, does not necessarily 
constitute or imply its.endorsement, recommendation, or favoring by 
the United States Government or any.asency thereof. The views and 
opinions of authors expresse^i herein do not necessarily state or 
reflect those of the' United States Gqvernment or any agency thereof. 
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' \ - . ' : '■ ' •'' ■ • PREFACE ' , . > 

This test project was 'conducted by the staff , of- the Nevada Operations 
Office (NV), Las Vegas, >Jevada, for the Department of Energy (DOE) -formerly 
„ the Ener-gy Research and DeviBiopment Administration CERDA) . It is one segment 
of an. overall DOE effort to examine hardware and techniques for the conserva- 
.tion of, automotive petroleum fuels in existing highway vehicle fleets. The 
test was specifically directed to automobiles and light trucks. The DOE . 
sponsor is the Division of Transportation Energy Conservation. Work commenced 
*on the test project in April, 1976. 

Although opetational responsibility for the test project lies with NV, 
the technical support, cooperation, and understanding provided by the ^11 owing 
indiv.iduals*rau8t be acknowledged: Mr. R, Rusted and Dr. J. Eberhard (U.S. 
Department of Transportation); Dr. M. S. Huntley, Jr., Dr. C Abernethy (U.S. 

(.■:'• {■- ^ ' ■ /' 

■ .'Department of Transportation, Transportation Systems Center); Kessrs. J. C. 

; Harilel, B'. Sloat and J. B. Norton (Reynolds Electric and Engineering Co . , 

"^^^ ' ' , . ■ . . ^ 

lycO; Ms. M. Blaylock and Ms. L. Barr (EG&G). 

Special -recognition should be accor^ded to Mr. -D . -Malcheski (NV 'Project ' 

- Manager) for the effort, enthusiasm', and diligence exhibited in carrying out 

the operational responsibility of the project. Additionally , recognition is 

accorded ta Mr. W. Shadis (Mueller Associates, IncV,) and Ms. S, J. Soucek who 

coordinated and prepared the final report. 





M.' D. gStarr, Chief V 
New Cancepts Evaulation Branch 
^ Transportation Energy Conservation 
Office of Assistant Secretary 
Conservation and Solar Applications 
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ABSTRACT ' 

The Driver Aid and Education Test Project was inititated by the Department., 
of Energy in order to test the hypothesis that measurable imptovements in 
f leet fuel economy can be achieved hy 'driver awareness training in fuel- 
efficient driving techniques and by a manifold vacuum gauge, used individually 
or in combination with each other. The project, conducted from April 1976, 
through December, 1977, in the Las Vegas, Nevada area, collected data frota 435 . 
light-duty fleet vehicles driven in typical highway and urban environments • . ^ 
More than six million test vehicle-miles were accumulated in the course of the 
project. ' . ^. , \ ■ V 

The test results support the hypothesis stated above. However, the 

magnitude of the iiiipr ov'ements (4 to 6 percent) is less than had been achieved 

in earlier tests conducted by others (10 to 20 percent). This difference may 

be attributable to the fact that motivational and performance feedback techni- 

■■ - / ^ ■ ■ ■ ' ^ '\ . ' ' 

ques were deliberately omitted from the test environment. J^^dit ionally , 

{ ^ • 

smaller improvements in fuel economy also appeared in the untreated control 

groups, suggesting^^^t driver knowledge of the test and informal information 

exchange among drivers about^ fuel-efficient driving techniques may have 

/■ ■ ■ ■ . 

influenced the results. 
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^ . EXECUTIVE SUMMARY * , 



BACKGROUNDS ' , ' ' " 

tt has long been recognized that .somi -drivers coiisistently achieve better 

....... • ■ . ' ■ . ' " ' * ' 

automotive fuel' economy than^ others, even when all^ other f act ors^^ehlcle" size 



, and type, driving, cycle, weather, etc.) are equaj.. . These differences can'on;J.y 
be ascribed to the way in which the individual driver^ operates his vehicle. I 
Such factars ^s acceleration, rate^ average speed,' and bi^kings and stopping 
techniques are known, to produce significant 'effects on, fuel economy. Tests by 

p^ers have shown' that by practicing known fuel-efficient driving 'techniques, 

* * . • • • . • < ■ . ' 
a driver can improve his vehicle foel economy' by up to 20 percent^ This 

project attempted to determine whether such improvements could be obtained in ' 

a ^Representative portion of a large government fleet. ; ^ ^ . ^ 

OBJECTIVES ' - «^ ' 

* ■ ■ ' ^ v ' 

The main prqject objectives were designed to answer the following questions: 

o Can the use , of a driver energy cons erva^t ion 'training awareness couxse 

• result 'in improved fuel economy for a fleet of vehicles? 

o Can the use of a commercially available vacuum, gauge r:esult in improved 

* fuel economy for a fleet of vehicles? /. 

o Can the combined use of a driver energy consei^vation awareness training 
course, and a commerqially available vacuum gauge result in improved fuel 
economy for a fleet of vehicles? 
TEST SITESo AND - FLEETS . ^ ^ ' 

• ' -;\. 



k tatal of 435 f leet . vejiicles and drivers wer.e tested in this project in 

^^Si^^ay driving environments. The highway test fleet of 324 vehicles 
was sielected at random from the total working fleet of the Nevada Test Site' 
(NTS) , a test facility operated^ by, the Department .of Energy and Ideated 65 ' 



^miles. northwest of Las Vegas, Nevada. The NTS was chosen because of its fleet 

s±Z€,^controlled^^ccess , and availability of both vehicle service and data 
'analysis capabilities. The urban test fleet of 111 vehicles was selected from 
•• the' working fleet of Clark County , Nevada, bepause of the predominately urbaii 
character of the driving environment, the fleet size , ^roxdmity to the NTS, 
arid 'the availability ^of historical fuel consumption data. \ — < 
METHODS ■' , . - 

Each fleet was divided into five equal groups. One-of these groups 
seirved as a control with no treatments applied. Two. other groups were instru- 

mented with two types of manifold vacuum gauges ' (one type for eacH groiip) . 

• % ' ; : - 

One of the gauges (trade name "VacTach") utilizes a linear piston to display 



the relative engine vacuum. This unit contains a counter which measures the 

umber of times the '-^e^igine vacuum, drops below a predetermined value (set by 
the manufacturer). The other gauge (trade name **Motor Minder") has a conven- 
tional needle-on-dial-type display. Numerous earlier tests by others had 
found that the use of, vacuum gaiig^s^ may result in a fuel-economy improvement 
if the driver operates his vehicle in a manner which maximizes the manifold 
vacuum. Another group was instrumented with dial^type manifold vacuum gauges 
and the drivers- -assigned to the vehicles were gjLven a driver efficiency- 
awareness training course. The final group was giv^ the same training . 
coursja^^ut their assigned vehicles were not instrumented. 

Highway fleet testing began in July 1976, with an eight-month baseline 
data gathering period (Ph^se I), during which the fuel economy of all test 
, vehicles was recorded. Th6 highway -fleet was then divided randomly into five 
'test groups, necessary instrumentation was mountied, instructions were given, ' 
and the fleet was subjected to an eight-month test period (Phase II). The 



.urban fleet testing began in July 1977, and was conducted in similar fashion/ 
except that no baseline data period was necessary since Clark County, Nevada, 

9 

had been recording fuel economy data for several years. 

Two different methods were considered for analyzing the data from the 
Driver . Aid and Education Test Project. One possible approach is to use 
analysis of variance to compare each group's Phase I fuel economy 
with its .Phase II fuel economy. Although this technique does determine 
whether signif icatit"^f f erences exist between Phase I and Phatee II fuel 
economy, there is, lio way to assess the extent to which the test treatments 
caused these differences. Intervening variables such as weather, the use of 
air-conditioning, world events, and maturation of vehicles and drivers have a 

different effect on the performance of the groups during Phase I than they 

n 

have during Phase II. Because the effects of these variables cannot be 
measured, the differences between Phase I and Phase II can only be termed ^ 
observed differences and cannot be assigned exclusively to the effects of the 
treatments.. In addition, this approach does not allow for a statistical 
comparison of the different treatments. Therefore, it is not possible to use 
this method to determine whether the difference between any two groups is 
significant. • ' . 

Because of these limitations, an alternative method was chosen to analyze 
th^ data from this"" pr oj ect . Analysis of variance was used to compare the 
performances of groups within Phase II. This is a valid comparison because an 
analysis of variance on the Phase I data had determined that there -were no 
significant differences between the groups prior to treatment. This method is 
not jeopardized by intervening variables since it can be assumed that these 
variables had an equal effect on all groups because the results being compared 



xiil ' 



occuTred during the same time span under the same conditions. Thus, if the 
results from any of the treatment . groups ia Phase II are significantly diff<erent 
from the results* from any other group, these differences can be justifiai)ly 
assigned to the treatment effects. 

Comparing each treatment group to the control group in this manner 
will determine whether the tes t treatment h'fs a significant" effect. In 
addition, using the analysis of variance, it is possible to determine whether 
one treatment had a significantly different -effect than another treatment. 
Therefore, this method is the only valid, way to compare treatment effects. 
RESULTS . ^ * , . . 

The test data were aggrega ted. us ing ^two different methods. The first . 
method, termed "Average Group Fuel Economy" assumes that each monthly vehicle 
fuel economy reading (monthly miles/monthly gallons) is equally important. In 
essence, this method gives equal weight to each vehicle. The second method, 
termed "Fuel-Weighted Average Group Fuel Economy," assumes that each gallon of 
fuel is equally important. The results are. presented, using both methods, in' 
Tables S . 1 and S.2, respectively. 

The Average Group Fuel E-conomy data were subjected to statistical analysis 
in order to determine whether real (i.e., Inon-random) fuel economy improvements 
had occurred. This analysis indicated that five of the eight treatment groups 
experienced statistically significant improvements. Although both urban and 
highway segment test groups met the statistical requirements f or s ign if i cance , 
the highway segment improvements are considered more reliable due to the 
existence of several factors which complicated the statistical analysis 
performed on the urban fleet. - 
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The Fuel-ViTeighted Average Group: Fuel economy-'dat a indicated 'similar 
increases, but these values were not statistically analyzed. 

■ • r ' ^ ' 

Many of the monthly trends observed Ln the weighted and non-weighted data 

indicated that the greatest ifitprovements in fuel economy occurred e^rly in the 

... ' . . • ■ ' ' 

treatment phases and decreased over the remainder of I the phase. This effect 

is shown in Figure S,l, This may be evidence of a gradual loss of learned 

driving habits, .aithough the effect is hot uniform on all groups." 
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' ' • , , TABLE S,1 

' . ' TEST RESULTS BAStD UPON AVERAGE GROUP FUEL ECONOMIC , 

* ■ ■ ^ 1 ' \ - ■■ -- - ' ' __ - ■' " - J , 

■ - HIGHWAY SEGMENT . URBAN SEGMENT* 









Change: 


• Differehce; 


Background* 


•T6st 


Change: 


Difference: 


• / ■ 


Phase 1 


Phase H 


Phase II- 


Phase II- 


(Phase 1) 


(Phase dl 


Background-, 


Test-Control 








Phase 1 


, Phase II , 






Test ■ 












Control 








AMPG.(fo) 


GROUP 


MPG 


VMPG 


AMPG (%) 


• AMPG (%) 

-^^.^ J,- 


, MP<3 -if 


MPG 


AMPG (%) 


1. (Piston Type 








I 






, -0.40 (-3.6) 


-0.14 (-1.3) 


Vacuum Gauge) 


12.81 


13.34 


0.53 (4,1) 


c^v 0.48 (3,7) 


iT.ro, 


10.7 


2. (Control) 


12.53 


. 12,86 


0.33 (2.6) 




• 10,4 


, 10.84 


• 0,44(4.2) 




3: (Training) 


12.95 


, li.35 


0,40(3.1) 


. 0^49 (3.8) 


10.18 


, 10,95 


0.77 (7.6) 


' 0.11(1,5)' 


4. (Tracing plus Oial- 


















. -Type Vacuum 












io:68 


0.54 (5.3) . 




Gauge) / 


13.06 


13,65 


0,59 (4.5) 


0.79(6.1)- 


. 10,14 


\l6Vl,5)^ 


5. (Dial-Type Vacuum 














0.54 (4.9) 




Gauge) 


12.72 


■ 13,24 


. 0^.52(4,0) 


0.38 (3.0) 


10-90^ 


'11.^50 


0,66(6.1) 


All 


12.81 


13.29 


0.48^3.7) 


-0.43 (3,3) 


f- 10,56 


10.93 


0:37(3.5) 


0,0'9 (0.8) 



*The statistical significance of 'the urban results is qualified, 
See Section 5.1.1 . ' ^ 



TABLE S,2 



TEST RESULTS BASED UPON FUEL-WEIGHTED AVERAGE GROUP FUEL ECONOMY > 



HIGHWAY SEGMENT URBAN SEGMENT 



3R0UP 



, . Change: ■ Difference 

Phase I Phase 11 Phase ll- Phase II- 
• , - I'hase I Phase Ij 
, Control 

MPG MPG , A;MPG (%) ' A m'PG (-%)„ 



l,-(Piston:Type • ' ' ; - 
'. 'Vacuum Gaug^) '• 12.73 12,71 -0.02 (-0,2) 

1. (Control) , 12.51 12,71 0,20(1.6) 



Background Jest Change: Difference: 

(Phase I} (Phase II) Background- Test-Control 
Test 

MPG ; MPG AMPGt°>Q) 'AIVIPG(%) 



1)'(6) 



N/A* 



10,49 



N/A; --0.72 (-6.4) 



N/A 



1'1,21 



M/A 



I. (Training) 



12.84 12.98 0,14(1.1)' 0,27(2,1) 



N/A 



10.97 



•N/A 



f. (Trairting plus Dial- o. 
Type Vacuum 

Gauge) 12.67 13,37 0.70(5.5) 

i. (Dial -Type Vacuum ' ' ' ' 

Gauge) . 12.89 13,28 0,39 (3.6) 



.0,57 (4.5) . N/A 



11.94 



^11 



Not available. 



12,72 13,00 0.28 (2.2) . •0,23(2,3) 



N/A 



il,09 , 



N/A 



-0,24^-2,1 



0.66(5,2)' r'N/A . ' 10.^2 • N/A -0.3V(-3.! 



N/A' .0,73.(6.5) 



-0- 12 (-1,1) 



Finally, eachf of< the highway f^^et . drivers was requested to respond to a 
questionnaire immediately upon* confpletion of the'project. The results of ^ 

' J . .. ; ,. . ■ ... - " '. . ■ 

this questionnaire ind'icate an overall positive response to the ^JDriver Aid' and 
Education Test Project. This is mast evident in the as s es sment s of the driver 

. .,' ' ■ * ^ ■ • . . ■ . . ' 

training course. The majo^rity of course participants* indicated \that the 
training course was a valuable §6urc# of f ue l-^conser>/at ion dr^^irJjg techn iques 

\ . . •.. : V ■ ■ . .. . „ ■ - 

and a positive influence oh per.synal driving habits. 

• ° ' / " w^- . , ^ ; • 

.Response to the vacuum^ gau^e driver aids varied according to ±he type of 

», ' . ■ 

vacuum gauge used in, the test. The dial-type device was judged to be an 

effeqtL^e aid to fuel-efficient driving; the p is ton-try pe ^gauge" rece ived a 

' / ■ , ■ m ■ . 

generally negative tespdnse. '^his difference appears to result from a combina- 

• " ■/ • ■ . . y. . V ' . . ) 

t ion of frequent malfunction and diff^iculti^ an reading the gauge which ^ 

occurred with the piston-type deyice. These prg^blems were not encountered by 

those'f'par t ic ipant s who u^ed the dial-type vacuum gauge.* ^ . 

OBSERVATIONS AND- CONCLUS IQNS ' 

■ : . ' » A 

'J . . ■ A" 

The following observations and conclusions, listed in order af importance^ 

are based upon analysis of the results obtained - f rom the Driver Aid and . 

y . -' ■ ' • " 

ft. ' ? r T 

Education Test Pro'ject. ir . ' - 

o The results obtained in this test project provide support for the 

hypothesis that measurable and statistically significant increases in 
fuel economy can be achieved by the use of a driver energy efficiency 



awareness training course or_^ a manifold vacuum gatage , or by use. of the 
training in conjunction with the manifold vacuum gauge, 
o Review of the month ly^trends in group /"fuel economy ind^i^cate ail apparent 
degradation ofmotivation or of behaviors learned in thetrainkng 
course fof most of ithe treatment groups. 

xvi-ii 



o Comparisons of the dial-type and the piston-type vacuum gauges made 
' using the Avejrage Gre^p Fuel> Economy met^iod of data aggregation show 

/that both gauges achieved similar, significant increases in fuel 
^^economy in the hi/hVay segment of the test* The ;urban segment results, 
while of less staftistjLcal importance, indicate a clear advantage 'ot 
the dial-type as compared to the piston-type gauge •V , Non-stat ist^i^a^l ^ 

comparisons using the i^^^^J^p^ight^ed, method' of data aggregation also 

. , ' y ■ " : ,v ' ' " " - ^ ■ ■ ■ ^ . 

* indicate a strong advaYitage for the dial-type §auge» However, statis- 

^ tical analysis indicates that^ it is not possible to r^ect .the hypothe- 

sis that the two gauges testec^ were equally effective* 
o The results of the driver questionnaires ij^ndicate that drivers- who 

used the dial-type gauge gave a positive overall response to the gauge 

• ■ ■ , ■ ■ ; ^ . - > ' : ^- ' ' ■ 

about twice as often as drivers who had used th^ piston-type» 

•. . ^ " . ' 

RECOMMENDATIONS* ' ' * • 

Ba^ed|upon t^e results^^ ^^\^ test project, the fol lowing re^mmendat ions 

^*re offered : ' ' . < 

* , , . s • . ■ ■ ■ 

GENERAL .RECOMMENDATIONS - , , . - ■ ' ' , ' 

^ , o The immediate ins.tal lation' of vacuum gauges alone on additional 

S*-^ ^ government vehicles is not recommended at this time. Use of vacuum 

gauges should be considered only in conjunction with a- formal program 
to motivate and train government drivers in driver energy conservation^ 
awareness techniques^, an^ the gauges should only be used as^ a driver 
training aid. 

o It is recommended that tfi'e Dep^artment of Energy provide . continued 

support for research in the area of fuel-ef f icierftfJJjriv^ng » techn^ues. 
Specifically, questions ot optimum acceleration rate, braking, turning, 



stopping, hil 1 ^^^mbing ^nd hill descen(Jing s^hould be investigated to 



determine^ the ^ptimum tec^Jniques fbr^use in driver energy awareness 
training curricula. ThisJ'type of re&earch Activity has/ twofold 
importance: the research can provide useful information for energy 
conservation and pglicy decisions us ing^exis t ing technology, and thef . 
interest in fuel economy exemplified by, the pro jee t s * wi 1 1 provide an 

,. example_of energy conservation activities which could -be pursued * ' ' 

^ ^ • , ^ ■ ■ ' ■ ■ . ■■..../ ' ' 

./ by , other vehic le' fleet, operators ' ^ ' \ ' 

^ ^ ' ' ■ "■■ - ^ 1 ■ ' •. - 

o Further analysis of the da.ta CtO 1 l,^c ted during this test project is 

recommended, specifically in-the areas of statistic-al me thods ^ driver 

* 

characteristics, vehicle characteristics , the Hawthorne eff^ct^ 
correlation of fuel, economy with driver chara-cter i s t^ics and job 
assignments, and oCher parameters that may assist in explaining data 
inconsistencies or observed anomalies. 

o It is recommended that the Federal Government consider institution of 
the requirement that aj^l applicants for federal driver^s licenses, 
(both government employees an& government contractors) c^omplete 
training in driver energy conservation awareness prior to licensu*re« 

o It is recommended tf?iat a teach ing textbook be preparec^ for vehicle 
fleet operators* This text should also* be suitable for us^^y the 
public schoNQl system and the general motoring public. ( 

o It is recommended that further research irt human factors be initiated 
in order to develop more' effep^tive methods of providing aud io/vi'sua 1 / 



tactile feedback to the vehicle driver, facilitating fuel-efficient 

. . . ^ \ 

driving behaviors. * , . j* 
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SPECIFIC RECQMM^PATZONS ^ . . 

o It 'is recommended that the Driver Energy Conservation Awaren^s- 

Training be continued", and ^xpanded^to. include all Government-licensed 
- drivers at the^evada Test Site, and the Nevada yperat ions Office in 



Las Vegas, Nevada. ' > s 



o^It is recdmmended that all light-duty vehicles ats,t|ie Ne>Aada Test, Site 



e^a 



be ins trumente(|^ith dial-type vacuum gauges, but only in conjunction 



w^th driver energy conseij^vation awareness training. 

V. 

\ 

/ ■ 

vehicles^ at the Nevada Test Site, in ooJer to monitor the effects "crf,^ 



o It is recommended that fuelVand mileage records be kept *oi; all lilght-duty 



driver training.'' , 
o It is recommended that driver^ energy cons e^rva t ion aware^ness training 
methods be further refined and modified to suit the specific driving 
environfljient and types of vehicles used at t=he Nevada T^st Site. 



/ 
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1-0 BACKGROUND \ ^ 



1.1 HISTORICAL background" '* J \ 



/ 



Historically, there has been little public interest in improving automotive 
fuel economy. . ^h the United States, the real, price o^f motor fuels (defined as 
the number of hours worked to pay for a'gal4.on of fuel., tax included), has sh^own 
•- a^ consistent' decrease''''^£om^r^e advent of^ the automobile until about 1970. 
Between 1919 and 1970, the real price of gasoline declined hy ^70 percent. 

This fiscal environment was not conducive to petroleum f ue 1 . cpnserva t ion . 

* . - '.. ^ 

'The rise in real cost of motor fuels which resulted -from the oil emba^o 

/' ' : '■ ^ ' /■ . ■ ■ . . ' ■ ■ ■ - J- ■ 

of 1973-19,74 changed this environment, bringing the quest for improved fuel: 

' ■■ ' • ' ' • ■ * ' * ' ' ^ ' . .' • * 

economy to the foirpfront. Extensive research was under taken^"^o improve 
vehicle technology, with the goal of increasing fuel economy.. However, .it w^s 
soon recognized that ,while hardware improvements can have a salutary national 



effect, the time required for implementing sj-gnif icant national hardware 
changeover is mea'sured in 5 to. 15 year intervals. Secondly, s^uch improvements 
are often capital-intensive, further slowing impLementati'ori of new hardware 
technology.. - : - 

In addition, fuel economy research reveals that even when all otlier , 
variables are Controlled, significant variations'^ in fuel economy exist which 
can only be ascribed to the driver. It is not unusual to find a variation of 
30 to 50 percent in fuel economy among a group of non-professional drivers 
operating under identical and controlled test conditions. 

In this light, driver energy conservation awarenes;s training appeared as 
a promising technique: for increasing fuel economy. Numerous limited test 
programs indicated that appropriate educational techniques could improve the - 
fuel economy of a group of average drivers by 10 to 20 percent. If these •; 



/ 



results were applicable to .even VO percent of the national higlrway fleet, 

,(autos, tryi^ks, buses, etc.), a /eduction of 1,3 to 2 * 1 \i 1 1 ion ga 1 Ions per 

year in demand for petroleum fuels could.be resized. If this resulted in an 
" /* . 

• • / •■ ' 

equivalent reduction in imported petroleum 'demand , a 400 to 800 million dollar 

- t ' 

per year reduction in the balance of payments deficit couLd occur. 

However, many of these early tests were conducted under circumstances . 

which make their reliability and validity questionable*' Many of the tests 

rjwere undertaken by 'individuals or p^-ivate companies wha were' under no obliga- 

> tion to ,publici/z* t:hei.r findings-. It is possible, indeed probable, that test 
f \ , * 

results wh ich \ dempns^t ra t ed ^ma improvements or no improvement were not 

1 ' \ V*. . . 

publicized*:;' Irt addition, most of these tests were conducted over a short time 

■ ■. . V' . ' X' ■ ■ 

period ilsi^g a small' number of volunteer participants (often less than 10 or 
20). . Frequently an instructor supplied strong extrinsic motivation by being, 
seated next to the student throughout the test, Fina 1 ly , some, of these tests, 
were^conducted by organizations or individuals with direct financial interest' 
in the results. ; - ■ T ' . y r 

While these qualifications do not necessarily invalidate the early test ^: 

^ t^esuTEs more objectiy.e data collection and analysis are required to justiiy a 

fr ^ , ... ' ' ; .- 

national dri-ver education program, Therefore, the Transportation Energy 
I ^Conservation Division (TEC), of the Department of Energy ..(DOE) decided to - 
/ ^^onduct a test program in orde.r to evaluate the effectiveness of driver 
j \ energy conservation awareness training on liovernment 'tleet Positive / 

results obtained in this program would enbaqce the ro^le undertaken by the 
Government in the field of driver energy conservationiawareness training; 
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1..2 PROJECT BACKGROUND 

• ~^ — — ' — ^ ■ ' " ' "" — ' ' 

I9 March of 1976, it was dec^^ed that a^.test project -^should be conducted^ 

to evaluate the effect-iveness of vacuum gauges and/pr driyer. energy conservat:j.o 

- . . . . '.. •'V " 

training techniq;uesi - • ' ' 

J • , ' - ^ • .;. " :\. ■ ■ ' ■■ , ' ^- ^ 4 • \ ■•; . 

The Nevada Test Site (NTS) fleet was chosen for this' pro ject on the - 
basis of the following factors: (a) -the NTS fleeit was composed ^ more than 
2000 light-duty vehicl,es;^ (b) the average driving cycle was typical, of . , 
subiirban/h ighway travel; (c) the fuel input to each vehicle could be carefully 
monitored;- (d) the facility had the capable personnel and equipment needed<to 
condi^ict the test; and {e),the NTS management e^pressdd a pos i t ive at t i tu<ie 
toward the project- No other, fleet within DOE or any other Federal Agency 
was judged equally qualified for the purposes of this test'; The test began in , 
April 1976, but short ly\ after test . initiation -it .was determined that the test 
should include an urban driving segment in order to make it mor'e representa^t ive 
of fleet operations. ' The autqmot ive fleet of Clark County, Nevada, nunibering 
almosfe 1500 vehicle's and used almost exclusively ^n urban L^s^ Ve^as , Neyada, 
was chosen for. this purpose. Many factors similar to those considered in the 
sefection of the NTS fleet prevailed in- the Selection of :the Clark County 
fleet. . 

This combination of the NTS 'fleet and the Clark County, fleet provided 
driving environments typical of those encountered by most fleet drivers in ■ 
the Un-ite4 States. 

Two types of driver aid devices were chosen for the project: a manifold 
'vacuum gauge with a linear piston indicator and a low-vacuum event counter; 
and ja manifold v.acuum gauge with the^more conventional dial indicator display. 
These manifold vacuum gauges" were chosen for this project* because*^of their 



relatively low cost, wide^ availability (both for the project and for the 'mass 



rtnarkei^), 'and'^simplicity of • installation and use. 



^ 



3^ 



■K ■ 



2\ 



ERIC 



V» 2.0 OBJECTIVES 

2,1 PRIMARY OBJECTIVES / 

The Driver Aid and Education Test Project was designed to achieve three 
primary objectives: 

!• To assess the extent to which use of a manifbld vacuum gauge driver 
4 * . aid (rtl^ice, as available in the consumer market, could , improve fuel 
economy: '* ^ 

2. To assess the extent to which participation in a driver awareness 
training course could improve fuel economy; > 
\ 3. To assess the 6xtent to which use of a vacuum gauge driver aid device 
used in combination with driver awareness training' could improve fuel 
economy. r 
The following discussion focuses on the rationales involvedin formulating 
these prim^ifry project objectives. " ' ' j 

Professional drivers have successfully used manifold vacuum gauges as an 
aid to maximizing fuel economy performance in tests such as the Mobilgas 
Economy Run^^ Although these devices^ have been found to be useful in profes- 
sional fuel economy driving, th«re is no adequate evidence to show that an 
average driver can achieve improved fuel economy simply by using a vacuum 
gauge as purchased in the consumer market. Therefore , the first test objective 
was to assess the extent to which an avetage driver, with no specific training 
other than instructions which might be supplied by the manufacturer, could 
improve his fuel economy by the use of a vacuum jgauge. 

A second approach to improved fuel economy has been through training in 
fuel-efficient driving techniques. Vlhile it has been shown in various fuel 
economy tests that certain driving techniques result in increased fuel economy, 
■■■■■■ 5 ' 



neither the driving public nor drivers of most government and industrial 
vehicle fleets have received* systematic training in fuel-efficient driving 
techniques.* Therefore, the^ second test objective was to assess the extent to 
which formal training in proven fuel-efficient driving techniques could 
improve the fuel economy achieved by a typidal government fleet driver. 

Since effective fuel-economy driving appears to be a learned behavior 
requiring concentration, interest in practicing new techniques, and a desire 
to improve driving abilities, it was assumed that a driver aid device might 
provide the driver w,ith a positive reinforcement of the techniques learned, in 
a training course. By providing the driver with immediate feedback on his 
technique, the device could contribute ta reinforcing fuel-efficient driving 
habits, thus enhancing the development of new, fuel-efficient driving behaviors 
The third objective, was thus to assess the extent to which' a driver aid 
device, used in combination with a driver awareness training course, would 
result in improved fuel economy. A corq||p.ary to thi? investigation was 
to compare the fuel. economy obtained when using either a vacuum gauge alone or 
driver training alone. * ' . 

These three objectives constitute the primary purposes of the Driver Aid 
and Education Test Project, and the major portion of this report is devoted to 
discussion of the test findings as they relate to these primary objectives. A 
number of secondary objectives were also considered for the project, with the 
constraint that they would be Investigated only if project timing permitted 
further elaboration of the test findings. While there are data available 
which pertain to the , secondary objectives (see Appendix F),^most; of these are 
not discussed in this report. 



Early ip the project, it was decided tVat one specific vacuum gauge , the 

lineaT-piston type, should be.tested. This gauge, sold under the commercial 

■' ■ • . ^ ' • . ■■ 

name "VacTach," ixicorporates a counting device to measure low-vacuum events- 

. h 

The first secondary objective of the project concerns this particular device. 
2 . 2 SECONDARY OBJECTIVES^ ' 

A. To* examine the linear vacuum gauge, in terms of: 

!• Fuel efficiency ratio (FER)* vs. fuel economy; 
2. Degradation curvfe for FER. 

B. To. develop fuel economy degradation curves for: 

1 . Tune-ups ; / ' 

2. Driver awareness training; ; 

. ' Vacuum gauge utilization; ' V 

A. Driver awareness, training plus vacuum gauge 'utilization. 

C. To co'^llect comments from drivers regarding , 

•a. ' • ' . ■ 

1. Vacuum g^uge driver aids: . ' ' . 
, ^- ' wither iver awareness training 

without driver awareness training; 

2. Driver awareness training', 

D. \ To assess the effectiveness of the driver aid in alerting the dri 

to engine/vehicle problems. 



See Glossary 



3.0 'TEST methods' AND PROCEDURES 



3.1 TEST PL AN ' ' / 

A deta^iled plan describing objectives, test methods, analytical pfoceduif^fes 
and techniques, and necessary ' data was formulated for the test- Tw6 test 
segments were conducted in-order to represent both highway and urban driving 
conditions. Four different treatment groups and a control group within each 
segment were necessary in order to generate the 'data required to achieve the 
test objectives- Thus, both the urban and the highway test fleets were 
divided into the following groups : 

Group JL: AH vehicles in this group were equipped with a linear piston- 
^ . type manifold vacuum gauge. 

Group 2: Control group (no treatment) 

Group 3: All drivers in this group completed training in fuel-efficient 

driving techniques. 
Group 4: All vehicles in this group were equipped with a dial-type 

manifold vacuum gaug^e and the driver/ completed training in 
fuel-efficient driving techniques, ^ 
Group 5: All v^icles in this group were, equipped with a dial-type 

manifold ^cuum gauge. . 
" These fiye groups were/ necessary in order to determine effects on fuel 
economy resulting from the use of/vacuum gauges and driver training, separately 
and in combination. . - 

Figure 3,1 provides a. summary des-cription of test plan implementation. 
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FIGURE 3-1 



TEST PLAN IMPLEMENTATION 



■ 1 : ' 



Pre- Phase 



Phase. 



• Test of Data Collection 
System 

V (30 vehicles) 



• Vehicle Preparation 

• Collection of Fuel ' 

Consumption Data 



Phase II 



• Installation of Vacuum Ga'ugas 

• Driver training Course Conducted 

• Data Collection 

• Data Analysis 



• not required* 



• not required* 



• Vehicle Preparation ' ' ' 

• Installation of Vacuum Gauges 

• Data Coliaction 

• Data Analysis ' 



'Fuel econbm/data were available from Claris County records, 



Highway Test Segment - \ 

• The highway test segment, was cbnducted in three phases: Bje-Phase I-, 
Phase I, and Phase 11. 

Pre~Phase I included a test of the data collection system to be used" for 
the entire test. Checks were made to insure that data would be received in a 
timely manner and that the analyses could proceed according tb the test plan. 
This phase las ted approximate ly two months and utilized a sample of 30 vehicles, 

Phase included classification of the- NTS vehicles chh^en for the test 
samjj^e, mechanical preparation of these vehicles, and collection of baseline 
fuel consumption data for each driver/vehicle combination. The baseline fuel 
consumption data collected in thase I would later bemused for comparison with' 
the t-est data collected in Phase II. ' , 

Phase II of the highway segment included installation of tf- cuiim 
gauges, presentation of the driver awareness training course, collection of 
fuel economy data, and data analysis. 

The highway test segment extended over a 16-month period. ^ 
Urban Test Segment 

The urban segment test manager (Cla«(k County, Nevada) had previously 
collected baseline fuel consumption data for each of th^ drive'r /vehicle 
combinations in this fleet. ..Therefore, Pre-Phase I and Phas^ € procedures- 

were not required and the urban test segment lasted only eight months. 

... * ^ , . .' , ■ 

Phase II, of the urban test segment included installation of the vacuum 
gauges, presentation of the driver awareness training Course, col lect ion^ o f 
fuel economy data, and data analysis. 
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3.2 IMPLEMENTATION OF THE TEST PLAN ^ ' < 

3.2.1 y^^fiicle Preparation \ . , » 

All vehicles included in the test were classified according to size, and 

^, ' . ■ . ' " ■ ' ' ^ 

weight, transmission type, ^and air conditioning option. Each test vehicle was 



clea^rly identified to indicate participation in the test. All analyses, and 
documentation produced reference the vehicle license number, which can be 

• ' " y 



matched to the vehi^^^t^^^ driver , and the organization with whi^h the driver 
was associated. 



A locking gas cap was installed in each test vehicle. The key to the gas 
.■ • " ■ . / ' A, ■ ' ' 

cap was^controllecl by the driver assigned to that vehicle. 

• All highway segment vehicles were tuned at the beginning of each test 

phase. In most instanc(B-s, manufacturers* specifications were followeti. 

However, some of the older test vehicles were not designed operation with 

no-lead gasoline (the o.nly type available at the site). Thus, it was necessary 

-to modify manufacturers* specifications (primarily spark timing) for some of 

these vehicles in order to insure proper operation. S.uch modificat ions - are a 

matter of standard maintenance policy and were not instituted solely for thi;3 



test. The modified specif ications are permanently recorded for reference -at 
the shop facility. In addition, vehicle spark plugs, points, and condensers 
were replaced, timing and idling speeds were che^cked and corrected as necessary, 
and each vehicle was tested on a dynamometer to ascertain that no other 
mechanical problems existed. All urban test segment, vehicles were similarly . 
tuned on an as-needed basis according to manuf aethers ' recommended mileage/ 
time intervals. " . 

"Odometer error for each vehicle was determined and recorded for use in 
analysis. These procedures were carried out on the highway segment vehicles at 



11 



the beginning of Phase I and also at the beginning of Phase II, Urban segment 
vehicles were subjected to' these procedures only at^ the beginning of Phase II, 

' f ; / \ [ ■ " ■ - ■ ■■ ' . 

since there was no Phase I for the urban fleet, ^ » 

Installation of the vacuum gauges in selected vehicles constituted the 

final step in preparing the vehicles for testing. ^ 
• . » • 

3.2.2 Driver Awareness Training / . ' - 

Highway Segment . ^ ^ , " 

The highway segment training was conducted in two stages: two hours of 
formal classroom instruction, followed (one to two weeks ^ater) by two hours 
of practice driving in an instrumented training vehi'cle. 

The classroom inst'ruction format consisted of a lecture iaaorporating 
visual aids, and two films presenting various fuel-efficients driving techniques 
The average class size was 18 students. The students were encouraged to ' 
practice the fuel-economy techniques taught in the classroom befork they 
returned to drive the -instrumented training vehicle. / 

Figure C-4 (Appendix C) illOstrates the dri^ving route within the NTS 
complex which was selected to demo^nstrate various driving techniques, '^he 
student was asked to drive the route initially using his normal drivj.ng 
techniques*. Fuel usap, time elapsed, and distance traj^e led were recorded. : 
The student was then directed to drive the route in a fuel-efficient mode, 
with the instructor coaching on the various driving techniques at the points * 
.along the route where these techniques could be utilized. ''Again, fuel usage, j 
elapsed time, and distance traveled were recorded.. The results of this 
experimient are described in Appendix C. ' 
Urban Segment - 

The dr.iver energy ^conservation awareness training used in the urban 



segment was similar to "the highway segment training, with the fol^wing 
variations; - ' . ' 

a. The course was conducted in a drive-class-drive fq'rmat and completed.^ i 

r 

_ in one' day. Students were directed to drive normally prior to the 

classroom Instruction, The economy driving runs were conducted 
immediately after the classroom training. , 

The driver awareness training cqurse was reduced to three hours by 
eliminating one of* the movies and some of the lecture material. 
c« The class size averaged ^^Be students per session. 
. d. The driving portions were conducted in an urban driving environment. 

Two foremen from the REECO Fleet Operations Department were recruited to 

... 

serve as on-the-road driving instructors. These individuals received an 
intensive four day course which inc luded . f ree use of the instrumented vehicles. 
The use of volunteers, rather than professional instructors, was carefully 
considered early in the project. It ^Was felt t^at instructors from the peer 
group would be more effective than outsiders, particularly in view 6f the 
limited time available for administeri^ the course and devieloping the presenta- 
tion technique. 

, . • ■■■■ t ' ■ ■ 

Driver Questionnaires ■ . - . . 

A driver questionnaire was issued to each highway segment test participant 
upon completion of the project. The results of the quest ionnaire are discussed 
in Section 5.2. ' . 

3.2.3 Data Collection 

Data were collected through the use of log books maintained by each driver and 
by the attendants at the three ^service statiorts located on the test site. Each log 
book recorded the ^fo 1 lowing -information: vehicle identification number, date of 



..13 

^ " ... . ■ '■ • 



3o 



.fill-up, gallons per fill-up, and odometer reading. Aid fuel- dispensing pumps 
used in the project were calibrated to one percent ( 1%) accuracy before the 
beginning of each test phase, A sample form of each log sheet ' is contained in 
Appendix A. . - • 



The recorded (Jata were submitted to the analysis group on.'a monthly 
b^asis, * . : ^ . ^ •! 

3.3 TEST FACILITY SELECTION . - , - • . ' ^ 

The Nevada Test Site (a facility of the Department of Energy located 
approximately 65 miles northwest of Las V^gas, Nevada), was chosen as the 
location of the highway test segment; )The NTS was used in- this project for 
the followiQg reasons : ^ • 

1, It possessed a large fleet (approximately 2,000) of light-duty 

vehicles (compact automobiles, intermediate automobiles, and pickup 
trucks) from'which a satisfactory test sample could be drawn. 
1. The test vehicles would be operated in a controlled area (almost 
V . exclusively within the 1,400 square rail^" facility ) , making it possible, 
to monitor fuel use, driving cycles, and vehicle state-of-tune. 

3. The site has a large technical staff , on-site autp repair, and service 
-facilities, computer facilities, and personnel capable of analyzing 
the test results. " ' , 

4. The majority of vehicles on site' we ass^igned to only -one driver. 
This factor simplified the task of associating driver treatment with 
vehicle. performance. ^ 

5. The test site management expressed a substantial interest in the. 
program and agreed to support it as y4 priority project. 

The Clark County fleet was chosen for the ur'ban test segment for the ' 
following reasons: 
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.yl. The average driving cycle (downtown Las Vegas, Nevada) is typical of 
urban travel in this geographic ' region. ''^ " . > ' • ♦i!>' 

' 2. The County facility is located near the DOE Nevada Operations Offi<:€^V, 
and could be closely 'jnbnltored by t>he DOE project manager* 
3. The fleet has nearly 1, 500^ vehicles from which to draw the test ^ 

sample. • /v,'' • • * 

'Other potential urban and highway test sites were' considered, but none 
offered the desired combination of fleet size, driving cycle, management ; 

interest, dnd 'analysis capabilities. 

* ■ ■ ' .J ' ' " 

3.4 DRIVER AID SELECTION 

A driver aid is a jnechanical or * electronic device which can provide 

■; ■ ■ ' • . ■ ■ 4' ■ ' ^ 

vehicle performance or other fuel economy information without directly influenc- 

■. ■ ^ : ' ■ - ■ L ^ ■ 

ing any vehicle system. Speedometers, .odometers, and tachometers are examples 
of Original Equipment Manufacture (OEM) driver^aids typically found on automo- , 

biles and* other light-duty vehicles. '/ 

* " ' ^ • 

One of the purposes ^of cthe Driver Aid andv Education test Project was to 

assess changes in vehicle, fuel economy resulting from vacuum gauge driver 

aids. Final selection of the particular manifold vacuum gauges to be used in 

this test was based upon the following criteria: ^ 

Screening Criteria * 

1. Availability for project (January , 1977) ; ' 

'.^ 2. Total cost (par'ts and *inst;all^tion) under $50; ^ /-/^ 

3. Compatibility with test .vehicles. \ ^ 

Quality and Performance Criteria ' . 

1. Presentation of a clear visible and/or audible, signal of effigient/ 

inefficient driving techniques; 



^; 2. Relative ease of Installation by available shop personnel; 

• 3.' Product warranty of at least 90 days. * . ' ' 

three types of mactifold vacuum gauges were commercially available at the time o\ 
the .test: the circular dial type (Figure 3,2), the indicator light, and the linear 
piston type (Figure :i.3). . 

The circular dial type of "device instantaneously indig^^es the intake^ ; 
manifold vacuum by a* pointer on the dial face. These ■devices display manifold 
vacuum in relative terms (good, fair, poor). 

The indicator light type of vacuum gauge informs the driver of vailbum 
.level through one or more indicator lights, which are designed to activate at 
pre-set vacuum levels. / - 

The third type. of 'vacuum gauge is a linear piston with low-vacuum event ^ 
counter. 'As engine vacuura increases, the piston is gradually pulled into its 
housing, displaying a different color on the piston at various vacuum levels. 
A counter on th'^ end of th^ piston hopsfing records" low-vacuum events. Accord- 
Ing to the manufacturer of this "type of gauge, ^ there is a relationship between 
fuel ecpnomy and the number of low-vacuum events which occur. 

The particular linear piston-type vacuum gauge: to be used the tes^r^i^Si ; 
been previously specif led (see 'Section 2.1). The device chosen was the ■ 

■ - . ■■ •. ■ , . " 

, ^^^Tf^.^', ^ -^^^^^^n pisf on gauge With a low-vacuum event counter , manufactured ^ 

■ ' ^ ■ . ■' ■ ' « 

by C&E Enterprises, Inc. • ■ ^ . .4 

Using the pre-determined selection criteria outlined" above, a review of 
' available vacuum devices was undertaken and a dial-type gauge was als'd Vhosen 
for -the test. This- was the Motor Mirtder, a dial-type vacuum gauge m^nuf acturec^ 

■ • • •> ■ . » . J. ' ' 

.by Stewart-Varner, Inc. Throughout the remainder of this repor'r;^hese 

. ./ . ' ■ ■ ■ ■ 

devices are referred to by their 'generic names. 
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The selection of any gauge does not imply that it was judged superior in 
terms of pe rf o rmance , fuel economy effects, or any other specific characteris-- 
tics. A true evaluative ranking of all vacuum gauges would jrequire an extensive 
testing program outside the scope of this pro^j^ct. These gauges were chosen 
to represent generic types* 

3. 5, VEHICLE SAMPLE SIZE - 

Mean and standard deviation data from similar tests were used to determine 
the approximate number of vehicles needed in each of the five highway, segment 
groups, such that the expected differences had less than a 5 percent chance of 
being due to random experimental error. This analysis indicated that 60 to 75 
vehicles were required in each of the four treatment groups and in the control 
group. A total of 333 vehicles was selected for inclus^ion in the highway 
test. ' „ .. ^ 7 * 

An analysis of the early highway segment data indicated that a smaller 
sample size would be adequate for the urban segment. A total of 145 vehicles 
(5 groups of about 29 vehicles each) was selected for inclusion in the urban 
test segment. Nine of these vehicles were eventually eliminated from the 
test^ The criteria for removing a vehicle included: severe accident, break- 
down of vehicle, and primary d r ive r reass ignment . Data collected from these 
nine vehicles was eliminated from the data base prior to analysis. 

The original test plan specified that only vehicles which were assigned 
to a si ngle- driver be used in the test. However, neither NTS nor Clark County 
possessed enough single-driver vehicles to meet the requirement of a statisti- 
cally adequate sample size. Approximately 50 percen?"of the test vehicles had 
only one driver. The remainder were driven by more than one driver, with the 
principal driver accumulating about 80 percent of the total test vehicles-miles. 
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Driver participants we^re not selected as such; their participation in the 
test was . based upon the fact that they were the 'drivers normally assigned to 
the. vehicle used in the test. All of these drivers were members of the NTS or 
Clark County work force. The socio-educational background of the NTS labor 
pool ranged from relatively little education to pos t-doctoral education. The 
participants in the urban segment came from a labor force composed of junior 
to senior level managerial personnel. Employees who participated in the test 
received no special treatment. Their participation in the test was presented 
as a routine task comprising part of their normal workload. 
3.6 DRIVER AWARENESS TRAINING COURSE • ' " 

A review of existing training materials found no existing driver awareness 
training pi an which was both' sufficiently comprehensive and applicable to the 
test objectives. A Driver Awareness Training course was developed for the 
project with the assistance of several expert^ in the field of fuel-efficient 
driving. - v 

The training course was designed to be^conducted within a four-hour 
period: two hours of^ classroom instruction in fuel-efficient driving techniques 
followed by a t o-hour driving demons t rat^ion in an instrumented vehicle. Each 
student was given an opportunity to drive the vehicle and observe the response 
of the instruments. ; 

A. detailed summary of -the training course is presented in Appendix C. 
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Ideally, any experiment should^e conducted • ' ' 

' . eu„,„3fes or a. leas. , . "'"^^^^^ - —-n, - 

■ • . ■ • ^'"'-"^^^^ ^^^—s facers that would te . 

the results. Factors s...v, "'^ ^° infl"^"^^ 

- • V "'^^ as weather, drlv^^ 

- .V, — driving cycle, legal speed ^^ a 

the like should be held . ' limit, and= 

neid constant If the tru^, . , . 
~ , ^ relationship between f , 

and driver awareness educa^^ . u economy 

■ • . ■ '° ^""-ately measured. Howe 

substantial problem arises m such a "labo - ' ' ' 

. / ^^•'°^^'tory" environment. As^^, . 

environment, is increaslnglv i As the test 

singly displaced from the real n p .. ' 
environment, the driver's r --"trolled) 

s response to the te<?^ • 

t environment becomoo i 

•-epresentatlve of his rec;n 

• response to the real env^ . 
, ' . environment. Earlier ^« 

already shown that fuel ^^''^ 

economy improvements in the 10 to 20 p'ercent 
common in such controlled . . ■ ' range. ^re 

environments. Althr„.„v. I 
, • .'^"ough these earlier ^oo.- 

«hat is possible under ideal ... ' ' 

'^^i- usefulness in describe 
driver behaviors has been conf . K ' ' ' "'^'"^ 

confounded by efforts to eliminate all so 
extraneous variation. . "'^sources of 

The opposite extreme, no test controls whats / - 

"n<^er such conditions, it is . ^ ■ ^'"^'^^ undesirable. 

' ^t is virtually impossible ^ . 
1-^ • ="'iDie to obtain accurate ^ . 

^° interpret results.' "^^"^^ °r 

Therefore, this proie^^ . , 

H^^oject attempted to identif,, ^ . . 
nf ■''^entify and minimize mainr " 

°f uncontrolled variance, wlth^ ^^ ... ""''^^ " 

within the additional ^ 
d^H constraint that such eff ^ 

d.id not require the drivers to ^ • ^ 

''"'^ driving behavior ex 

•response to the training cour. ^" 

^^^""^ ■^oUowlng test 

""Stramts and limitations are noted: , ' 

"^•^ DRIVER RESPONSE_TOjjiE_P RojECT ' 

In any test involving or re . . . 
alw - ^^^"^^^"S response or interaction .. . 

ppssible that the particln . u ■ ' 

rticipants, knowing that a test is he. 

a testes being conducted, 
21' . ... 



1 ^h.n ^\ V „ould Without such knowledge- This phenomenon 
will respond differently than they would wi . 

■ example, it would be expected, that some 

iT known as the Hawthorne effect. For examp . 

# TiJ J J - ^ 4.U 4. ^t- ond that Info ma- ' 

test drivers would interact with one another during the test and 

. 'v,V .A „H economy-driving techniques would be 

■tion concerning the test objectives and eco 8 

■ TT^.g 'may be especially true of the 

exchanged among the various groups. This m y F , . 

u ' A ^ „ formal information about the project or. 
control group members, who received no form 

'• ' o TU^UA u i^vel of driver interest evident in 

about driver aid devites. The high level ^ 

c=;,nnc=«c . " Vh. auestionnaire reinforces this hypothesis. . * 
responses to the queo*- 



In addi 
overal 

:omp 



» IS P^bable that at least ao„a dtlvets, P«celvl„8 the, 

<: ^ .,^11 4„ Her to demonstrate 
ij t-o perrorm well in oraei. 

1 test objectives, would attempt top^ 



. ^ho^r . pnd superiors. An a-ttempfV^s made to 

their accomplishment to their peers. and sup . 

„ination of test data to the drivrfrs 



reduce^this ef^fect by preventing dissemi 

' u . . T^ Hs not the' presence or absence of motiva- 

until completion of the project. It is n F 

- . but rather the source of such influences, 

tion or pressure that is at iBsue here, D 

. fuel economy and attempts to improve his 

A driver who carefully monitors his fuel 

^^ • 1 K«.;,use of his own interests (intrinsic 
driving habits may do so entirely because 

. ^h^c ^c ..Mv the response desired in this project, 
motivation). In fact, this is exactly tn 

' ■ f , „nMvation in this test was necessary in 
The relative absence of extrinsic mottvat 

■ effects of intrinsic motivation, 

order that the results would show the etr ^ 

1H K fi specific. Therefore, the test mana-gers 
Any other influences would be fleet-spec 

„ata ..tacta. not ^ ~ p.o.ect orp^^a.o^ance .„.o™atlo„ ot 

a„, otHa. t.pa o. a.t.ina.c motivation to t.a patticipatins .rWata. 



4.2 DRiVER/yEHlCLE ASSIGN>fENTS 

, nv' specif ied^condition of single driver/vehicle assignment 
The originally speciriea testx^ 

, . 1 ^ H . the highway test segment. While most 
could not be completely met during the g > S 

A ^n.1 Kf, r a number of the test vehicles were driven 
vehicles had one principal cTriver, a nu 
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-by more , than one person. However, the vehicle miles driven by these other 
personnel are estimated to be less than 20 percent of the total test vehicle ■ 
miles. The result of this'mixing would be to confound the effects of the 
various treatments to some extent, and to decrease the relative differences- 
between the treatments. Driver/vehicle assignments^ during the urban.segment 
were better controlled, and thus little diffusion w^s antic ipated. 
^•3 SPEED LIMIT ENFORCEMENT ^ 

The highway test segm^ent .was conducted at the Nevada Test Site, where a 
maximum 55 mph speed/limit is strictly enforced. It is thus expected 'that 
fuel economy improvements observed at this site will- be. somewhat less that 
would be expected in a normal enforcement environment. The average incremental 

'gain in fuel economy normally realized with a spe ed "^educ t ion from 55 to 50 
mph is in the thcee to five percent range. \ The effect of driver education 
and/or the use of driver aids would normally be expected to result in some 

'decrease in highway speed. This incremental effect may be small or nonexiste^nt 
in the highway segment of the test project, since the strict enforcement 
procedures of the Federal Government make it likely that these drivers 
"normally'l adhere to a speed limit of 55 mph. 

4.4 WEATHER EFFECTS , 

The climate within which both the urban and the highway segments of the 
test were conducted<is typical.of the arid Southwest region. Annual tempera- . 
Cures rang^ ,from O'F to 115'F. Rainfall level is low overall (four inches at 
an elevation of 3,000 feet to about 12 inches at an elevation of 7,000 feet), 
but tends to occur with great intensity over short periods of time. Severe, 
dust storms are frequent. Low temperatures, wet roads, and the presence of 
dust , individually or in combination, all act to reduce fuel ecohoihy. 
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In terms of weather effects, the substantive^, difference which should be 

noted between test phases of the highway segtnent'is that Phase was conducted 

in an environment of decreasing temperatures (July through January), while 

Phase II was conducted while temperatures were increasing (February through 

July). ' ' 

The urban' segment did not require, Phase I testing, as the baseline data had 
already been collected. Thus, the urban testing took place solely in an environment 
of falling temperatures (July through December ) . 
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5.0 RESULTS 



le test results are presented using two different methods of data 
aggregation. Table 5-1 presents the aggregated fuel economy results assuming^ 
Dhat each vehicle's monthly fuel economy reading is of equal . impQrtance, 
regardless of miles traveled or fuel consumed. The average fuel economy of. 
each 'vehicle was computed for each month (monthly miles divided, by monthly 
gallons). These values were then summed within each test group, and divided 
by the number of vehicle-months, resulting^ in what is termed- the , Average Group 
Fuel Economy for each of. the test groups. ^ ^ 

Another equaldy-accep table form of data aggregation is presented in Table 

\ ■ ■ ■ . 

5-2. In thi5 case, the assumption is that each gallon of fuel consumed is 
equally important. Therefore, the fuel economy change of a vehicle which 
consumed a disproportionately large amount of fueL is. given more relative 
importance. This approach produc es» what ' is ter^med Fuel-Weighted Average Group 
Fuel Economy. 



Statistical analysis was perform^ecJ only on the Average Group Fuel Economy 

. \ . ' . 

values. The Fuel-Weighted data were not analyzed statistically since there 

appears to be some controversy in the statistical" community a,s to the validity 
and the meaning of the results of such an analysis. 

The que^^on arises as to which fuel econjomy value is the best estimate 
of untreated fuel economy. If it. can be established that all of the groups 
were essentially the same in terms of fuel^onomy during Phase I, then the 
btist estimate of Phase II untreated fuel economy is the Phase II control\ group 
results. Comparisons of the 'treated groups with the Phase II control group 
are then tl^t; best estimates of the net effects of the various treatments. ' 
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TABLE5,1 

-EST RESULTS BASED UPON AVERAGE GROUP FUEL-ECONOMY 



HIGHWAY SEGMENT URBAN SEGMENT* 



V 

GROUP 


1* 

Phase 1 Phase II 
MPG MPG 


Change: 
Phase II- 
Ph'ase 1 

AMPG(%) 


Difference; 
Phase II' 
\ Phase l|(r 
Control 
AMPG(%) 


Background 
(Phase \\ 

MPG 


• Test 
(Phase II) 

MPG- 


Change: 
Background- 
Test 

AMPG.(%) 


Difference: 
Test-Control 

.AMPG(%) 


1. (Pl8ton-Typ6 
Vacuum Gauge) 


=12.81 


13.34 


V53 (4.1) 


0,48 (3,7) 


11.10 


10.7 , 


-0.40 (-3,6) 


-0.14(-1.3) 


2. (Control) 


12.53 


12.86 


0:33 (2.6) 




10.4 


10.84 ' 


. 0.44 (4,2) ' 




3, (Training) - . 


12.95 


13!35 


0.40 (3.1) 


0.49 (3,8) 

A_ 


10,18 


10.95 


077 (7.6) 


, 0.11 (1.5) 


4, (Training plus Dial- 
"Type Vacuum 
Gauge) 


13,06 


13.65 


0.59 (4.5) 


079' (s'l) 


10.14 


10.68 


. 0,54(5.3) 


-0.16 (-1.5) 


: ^ 

5. (Dial-Type Vacuum 
Gauge) 

-i 


12.72 


13.24 


0.52(4.0) 


0.38 (3!0) 


10.96 


11.50 


0,54(4.9) 


0.66(6,1) 


All 


12.81 


13.29 ■ 


0.48 (3,7) 


0.43(3.3) 


10.56 


10.93 


0.37 (3.5) 


0.09 (0,8) 



^The statistical significance of the urban results is qualified. 
See Section 5.1 <1. 



Comparisons within each group of >the Phase II and Phase I results would ' 
include these treatm'ent effects, but the, effects of such extraneous variables 
O^weather, driving patterns, use of ai r-cond i t ioning , 'and the like would also 
be reflected in these values. Thus, such comparisons would be confounded to a 
degree-^which is not estimable . * " . ' 

If it cannot be established that the Phase I group fuel consumption is 
essentially the same, the Phase 11 cont-rol group fue 1- .economy cannot be. 
considered as the. best estimate of untreated fuel economy. In this case,, the 
only reasonable comparison is between Phase I and Phase, II for each group. ^As 
stated above, such comparisons will include the effects of extraneous variables 
and thus may not accurately reflect' the net effects of the treatments. 
Therefore, the' most meaningful results are inter-group c^omparisons of Phase II 
fuel economy data, if analysis of Phase I (untreated) results establishes that 
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the giWups are essentially similar. 
5*1 •I ^Average Group Fuel E.conomy Results 

An analysis of variance performed on the Phase .1 highway segment data 
determined that no statistically significant fuel economy differences were 
found at a five percent signif icance level. Therefore, we cannot reject the ' 
hypothesis that all five highway test groups are essentially the same., 
An analysis of variance was then conduc ted on the Phase II highway 
segment data to d.etermine whether any group differed significantly from any of 
the others. T\\e results of this analysis indicate that at least one group 
showed a significant difference from the others- A) subsequent Newman-Kuels 
statisticat test revealed that all four of the treated , test groups now differed 
significantly from the control group. In other words, in Phase II each of the 
four highway segment test groups experienced significantly improved fuel 
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^economy when compared to the control groups Similar statistical comparisons- 
between Phase I and Phase II data verify significant fuel economy increases 
for all four treatment groups, but. no sigiAficant inprease for^ the control 
group. ^ ■ , . , 

The greatest difference in Phase II was achieved by Group 4 (training, 
plus dial-type^ vacuum gauge), which obtained an average group fuel economy 6,1 
percent greater than that of the control group. The other three treatment 
groups were from 3 to 3.8 percent greater than the control group. The 
observed effect of the driver energy conservation training used in combination 
with a dial-type vacuum gauge was approximately twice as great as the^^effect 
achieved by using either treatment alone. In; 'addi t ion.^ the statistical 
analysis does not establish any significant difference in effect between the 
two types of vacuum gauges tested. 

While the analysis of variance performed on the Phase I highway segment 
data does not reject the hypothesis that the untreated groups are essentially 
the same, it does not- prove that they are the same. Therefore, inter-phase 
comparisons of . these dat^a are also presented. In ..this case. Group 4 continues 
to show the greatest imj^rovement (Phase II is 4.5. percent greater than Phase 
I), while the other three treatment groups? show improvements in the 3.1 ^' 

■ ' / ' ■ 

percent to 4.1 percent range. Again, there appears to be no difference 
between the two types of vacuuum gauges tested. 

It is also possible to compare test results by assuming that inter-phase 
changes which occurred in the control groups accurately reflect" extraneous 
environmental and motivational factors which should be equally discounted from 
the treatment groups'. For example, the highway segment control group inter- 

4, 

phase improvement was 2.6 percent. If it were assumed that the £our treatment 
/ • 28 
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groups would have changed by this amount if they had not been treated, then 
the "actual" improvements of Groups 1, 2, 3, and 5 w^u Id be f . 5 , 0 • 5 , 1-9/and 
K5 percent, respectively. However, this approach suffers from several , 
probleps^ First, its use implies that the Phase I groups are inherently 
different from each, other in terms of fuel economy r^esults- This ..implication 

t supported by the Phase I analysis of variance- Second, it assumes that 
the interphase improvement of the control group is significant,. Again, the 
statistical analysis does not support' this assumption, FinalLy, it asaumes/, 
thattjig^J^erphase improvement of the control group is due' to non-tVeatment '. 
(i.e., envirdnT^(entaI> .factors which would equally affect all oth.er groups as 
well. A^^^ew of the questionnaire results (Appendix D,. Ques t ion 2) Thows ^' 
that 21 percent of the control group participants felt that they had changed 
their ^riving habits in response to the proj ect ( versus 60 percent , of the 
treatment group participants). This cou Id ^(jj^^art to knowledge that a 
fuel economy test was in. progress and/or to the acqu is i t ion of specific 
information concerning fuel-efficient driving techniques. There fore , the 
interphase improvement of the . con t ro 1- groups - can .a t best be ascribed to a ' 
combination of the following factors:^ random variation, weather effects, 
driving cycle effects.,, the Hawthorne effect, and the informal exchange of 
information. about driving techniques. The relative degree to which each of 
these factors affects. the interphase comparisons is not known. Therefore, the 
use of interphase' comparisons discounted by"the control group requires several 
assumptions which;are.. not supported by the analysis.- This does not prove' that 
such a comparison is wrong, only that it cannot be supported by the data. 

The urban- test segment data were analyzed in similar fashion. The 
backgr-ound data analysis es t ab 1 ished; tha t no significant differences had 
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existed, among the five untreated groups 'pi:ior to the 'te^t phase, at a five , 
percent significance level. However, if- a ten percent signif icance level had » 

been, specif ied, some significant differences would haVe been found,' and the 

■ ' ■ ■ • ■ . ■ \ . '\ 

hypothesis of equivalent untreated groups would have been rejected. The . . 

^ ■ .. ' ■ ■ • , 

statistical test/only states that we canrtot be certain (with a five percent 

or less chance of being wrong) that the treatment groups are" different from' the 
control group* . ; 

Since the results pf the statistical analysis approach rejection of the 
hypothesis, it must be understood that the urban results are of lesser signifi- 
cance and therefore of less value than, the highway results. This caveat is 
reinforced by the discovery that approximately ten percent of the urban .fleet 
vehicles lacked sufficient background data and thus were not included in the 
analysis of variance performed. on tha^ background data. Since the problems 
encountered do not prove that th^^ results are invalid, but show only that it 
■ cannot llH^rs tab lished that they are valid, a aecision was made to include the 
urban result's in this report. . ' 

On the presumption that the analysis of variance of the (untreated) urban 



segment background data support the hypothesis of essentially* equivalent . 
groups, a similar analysis of the urban test (treated) phase was used to 
establish that at least one group differed substantially from the others at 
this point. Further comparisons revealed that- the dial-type vacuum gauge 
-group (Group 5) differ :! significantly from the other four groups (including ^ 
the control group). No statistical comparisons of the urban segment background 
and test data were conducted, because the background data for a substantial 
proportion of th i vehicles were not available. 



However, "the results of the urban segment are somewhat questionable, /ue 

to .the problems stated above. Further analysis of the data is planned in ' 

order to determine whether these qua 11 f ica t ions 'affect the statistical ' 9,: 
significance of the results. , . • . •" ■ 

>» • • . . 

\ '. ■ ■ , 

' ■ <» , 

5 • 1 • 2 Fuel-Weighted Average 'Group' Fue 1 Economy Results 

'As discussed in Section 5.1, it is also possible to compare the test" 
• results on;the basis that _ each gal Ion of fuel consumed has equal importance. 
This has ^been termed Fuel-Weighted Average Group Fuel Economy and highway 
segment results are presented in Table 5.2. Urban segment data were not ^ * 
available -in this form. Since there exists some controversy with respect to 
the proper statistical methods. to be' used with such weighted data, no statistical 
analysis of these results had been conducted at the time. this report as 
. issued.^'Stat-istical research into this, and related areas is presently being 
conducted for the DOE by H. T. McAdams of Fa Icon'^Research and Deve /pment , 
Buffalo, New York. If this is successful, statistical analysis of these ' ■ 
weighted data may be conducted at a later, date and may form Che basis of a. 
supplement.^y report. j ■ • ' - . , 

the Fuel-Weighted Group Fuel Economy results differ in several respects 
from the Average Group Fuel Economy results presented in Section 5.1.1. The 
means are different and the relative differences between- the means are 
different, within both phases and between each phase-. 



TABLE 5.2 ; 
TEST RESULTS BASED UPON FUEL-WEIGHTED AVERAGE GROUP FUEL E'CONOMY 



^HIGHWA Y SEGMENT URBANSEGMENT 

. ■ ' -—1 ' — ' \ 

Change; Difference; Background Test Change: ; Differ^ence: 

Phase! Phase II Phase 11- Phase II- (Phase I) , (Phjasell) Background- Test-Control 

I Phaser Phase ll . Test 

' • • . Control ' ; 

GROUP V MPG 'MPG AMPG(%) AMPG(%) MPG 



1. (Piston-Type. 
Vacuum Gauge)/ 


12.73 


12.71 


" ■ * ' 

-0,02 (-0.2) 


0;(b),A., 




10.49 


4p4 IVII VJ \/\1J 

; N/a' ' ' 


1 """^"K"! 

-0,72 (-6.4) 


I IControl) ; 


12,51 


12.71 


0.20 (1,6)'' >; 




• •.,N/A 


^11.21 


N/A 




3. (Training) 




12,98 


, 0.14(1,1) ; 


0.27 (2.1)^ 


N/A 


10,97 


N/A 


-0,24(-2.1) 


4, (Training plus Dial- 
Type Vacuum 
Gauge) 


12.67 


13.37 


070(5,5) 


V 

' ] ■ * 

0,66 (5,2) ^ 


• N/A 


10.82 


N/A 


-0,39 (-3.5). 


5, (Dial 'Type Vacuum 
Gauge) 


12,89. 

— y — - 


13,28 


1 0,39 (3,0| 


-r— ^ 

0.57 (4,5) V 


'.:n/a. . 


' 11,94 


, N/A 


0,73(6.5) 


All . 


12.72 


13.00 

» - ■ 


0*58 (2,2)^, 


0,23 (2.3) 


" • N/A . 


11,09 


N/A 


-0,121-1.1) 



'Not available. 



If it is assumed that the best estimate of untreated fuel economy is the 

■ , * ■ ' <i ' ■■■ ' 

Phase II control group, then the highway segment treatment group which achieved 
the greatest fuel economy improvement is again Gr,oup 4 (training plus ' dial-type 
vacuum gapge); with 5,1 percent greater fuel economy than the Phase II • 
control group. The remaining treatment groups experienced improvements 
from zero to 4.4 percent. While Group 1 (piston-type vacuum gauge) did not 
improve, this cannot be considered significant, since these^data were not 
statistically analyzed. Inter-phase comparisons again indicate that Group 4 
experienced the greatest relative improvement. 

3 • 1 • 3 Trend Analyses . 

The monthly fuel economies/of each of the test groups for both test 
phases and for each of the data aggregation methods used are presented in 
figures 5.1 through 5.18. A regression analysis of the Phase I highway" 
segment average group fuel economy on ambient temperature indicated that 
ambient temperature alone could not account for the observed effects. It can 
■ also be seen that while a consistant fuel economy degradation is present in 
the average group monthly data, this effect is not as. evident (with the 
exception of Group 4) in ^the fuel-weighted data. This appears tb indicate 
that such degradation (probably primarily due to a combination of decreasing 
ambie^nt temperature and tune-up degradation) is more prevalent in those 
vehicles which consumed less than thel'- numerical proportion of fuel and r 
hence, had less effect on the fuel-weighted data. . " 

It is also observed that many of the figures indicate a linear or exponential 
decrease In Phase II fuel economy. This may be indicative of a gradual loss 
of learned skills, loss of interest,, or a diminution of the Hawthorne Effect 
over time-. It could also reflect the effect of tune-up degradation, although 
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this by itself is not considered a very important "factor during the time 
period in which the test was conducted • 

In nummary, the trend data*^ indicate some interesting although somewhat • 
cpnflieting time effects. ' Other than attempting to correlate fuel economy 
with ambient temperature, no further statistical analyses of the trend data 
had been undertaken at the time this report was issued. 
5.1.4 Other Test Data 

As a result of the data collection required for the analyses discussed in 
Section 5.1.1, it was possible to aggregate the data in several different 
forms and to provide additional test data which were not directly related 
^ to the primary test objectives. These data are presented in Appendix E^^ 
5-1.5 Summary of Statistical Findings 

The;res^s obtained in the Driver Aid and Education test project generally 
establish that a program of driver energy conservation awareness training com- 
bined with educated use of a dial-type vacuum gauge can result in measurable 
and statistically significant fuel economy improvement in the area of five 
percent. Additionally, the test results indicate that driver awareness ^ 
training alone or^ the use of a vacuum gauge alone can improve flel economy, 
although the magnitude and statistical validity of these improvements are less- 
substantial than the improvements obtained through the use of training in 
conjunctipn with the dial -type vacuum gauge. . * 

It must be noted that while the test results support ' the hypothesis that 
use of driver energy conservation training and/or use of a vacuum gauge can 
result in meaningful improvements in fuel economy, these findings do not 
conclusively prove that such a relationship exists. While such a relationship 
appears to have existed in the test -under discussion, the results obtained do 
not warrant generalization to all fleets and driving conditions. 
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Only a portion of .the large body of data collected during the test project 
has been subjected to rigorous review and statistical analysis. Further • 
examination of these data may establish relationships which had not been. > ^ 
verified at the time this .report was issued. , * 
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Rgure5.1 




^/Month and Phase, Group 1, 
Piston-Type Vacuum Gauge, 
Highway Segment 





Phase I Mean =12.81 MPG Phas^ II Mean =13.34 MPG 
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Figure 5.2 

Average Group !\ue\ Economy By 
Month and Phase, 
Group 2, Control, 
Highway Segment 




Phase r Mean=li53 MPGV Phele II Mean = 12.86 MPG 
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Figure 5.3 

Average Group Fuel Economy 
By Month and Phase, 
Group 3, Training, 
Highway Segmisnt 
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Phase I Mean =12.95 MPG Phase II Mean =13.35 MPG 



J I I I 



J 1 — I I 



J L 



J — L 



Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 



1976 



Phase! 



1977 
Month 



•Phase II 



FRir 



16 



15 



1^- 



13 



12 



11 



10 



Figure 5.4 

Average Group Fuel Economy By 
Month and Phase, Gi'oup 4> 
Training Plus Dial-Type Vacuum Gauge, 

Highway " 
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Phase I Mean =13.06 MPG Phase II Mean = 13.65 MPG 
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Figure 5.5 

Average Gloup Fuel Economy By 
Month and Phase, Group 5, 
Dial-Type Vacuum Gauge/ 
41ighway Segment 
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Phase I Mean =12.72 MPG Phase II Mean =13.24 MPG 
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Figure 5.8 



'Average Fleet Fuel Economy By 
Month and Ph^se, All Groups, 
Highway Segment , 




Phase I Mean= 12.81 MPG Phase II Mean= 13.29 MPG 
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Figure 5.7 , 

Average Group fuel Economy By 
Month and Phase, Group 1 , 
Piston-Type Vacuum Gauge, 
Urban Segment 
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- — -Background Mean=11.1 MPG (1976) 



Test Mean = 10.7 MPG (1977) 



■> ■ 0 



/ . 



1 



Jul Aug Sep Oct Nov Dec 

ili/Ionth 



ERIC . 



BgiireS.8 

Average Group Fuel Economy By 
Month and Phase, Group Z, 
Control, Urban Segment 



Test Mean= 10.84 MPG 11977) 
Test Background Mean= 

10.40 MPG (1976) 
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Average Group Fuel Economy By 

Month and Phase, Group 3, 
Training, Urban Segiti^nt 
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Test Mean =10.95 MPG (1977) 



Background Mean =10.18 MPG (19761 



a ■ . 

— L I \ I I I t- 

Jul Aug Sep Oct Nov Dec 
\ Month 



Figure 5.10 r 

Average Group Fuel Economy By 
Month and Phase, Group 4, 
Training Pius Di^l-Type Vacuum Gauge, 

Urban Segment 



Test MeartFl 0.68 MPG (1977) 
Background Mean=10.14 MPG (1976) 
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Month aiid Phase, Group 5, 
Dial-Type VacMum Gauge, 

iment 
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TestMtan 1 1.50 MPG (1977) 
Background Mean 10.96 MPG (1976) 
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Rgure5.12 

Average Fleet Fuel Economy Ay 
JMojnth and Phase, All Groins, 
Urban Segment 



Tdst Mean - 1 0.93 MPG (1 977) 
Background Mean = 1 0.56 MPG 
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Fig. 5.13 Fuel-Weighted 
Average Group Fuel Economy By 
Month andPhase, Group 1 , 
Piston-Type Vacuum Gauge, 
Highway Segment 
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Phasel Mean=12.73 MPG Phase II Mean=12.71 MPG 
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Figure 5.14 



Fuel-Weighted 
Avei'ligeLGroup Fuel Economy By 
Month and Phase, Group 2, Control, 
Highway Segment 




Phase I Mean=12.51 MPG Phase II Mean=12714 MPG 
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FigureS.IS 

Fuel-Weighted 
Average Group Fuel Economy By 

Month and Phase, Groi|) 3, Training, 
Highway Segment 
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Phase! Mean=12.84 MPG Phase II Mean=12.98 MPG 
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FigureS.ie 

Fuel-Weighted Average Group Fuel Economy 
By Month and Phase, Group 4, Training 
PtusOiar^el^acuum Segm^nl 
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Phase I Mean=1 2.57 MPG Phase II Mean=l 3.37 MPG 
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Fuel-Weighted Average Group Fuel Economy \ 
By Month and Phase, Group 5;Dia|Tjn^^ 
Vacuum Gauge, Highway Segment 
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Phase I Mean=1 2.89 MPG 



Phase II Mean=13.28 MPG 
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Figure 5.18 



Fuel-Weighted Average Fleet Fuel Economy 
By Month and Phase, All Groups, 
Highway Segment 
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Phase I Mean5l2.75 MPG Phase II Mean=12.96 MPG 
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•5,2 DRIVER QUESTIONNAIRE RESULTS 

The Driver Questionnaire was acjminister ed to all highway segment 
participants at the end of the testin g pr ogram* Participants were instructed 
to answer only those questions pertaining to their group's actual test partici- 
pation. The questionnaire and a summary of responses are found in Appendi^j^^ffT 
This discussion focuses upon those questionnaire responses which are most 
relevant to the overall test objectives. 
5« 2. 1 . Overall Assessment of Project Effectiveness 

^All highway segment test par tic ipant s /and control group members were 
"^slced to -respond -t<?- this sect ion of the questionnaire. Fifty-two percent-of 
the respondents reported that they^ad changed their driving habits as a^ 
result of this program (Question 2), and 52 percent stated that they 
have continued to practice- these change's (Question 3), 

Seventy-seven percent of the participants felt that the driver aid and 
education test project was a worthwhile endeavor (Question 7); 18 percent of , 
the respondents did not feel that the project was wo r thwh ile , and five percent 
'did not respond to this question. * > ■ - . ^ 

v„j - , . •■ 

Despite the fact that all possible attempts were made to eliminate 

a 

extrinsic motivation as a test variable, examination of the driver questionnaire 
results supports the supposition that the Hawthorne effect may have been 
present during the test. For example, asked if they had changed their driving 
habits as a result of this^ program (Question 2), 21 percent of the drivers^ irf' 
the control group answered yes , compared to 60 percent of the respondents in 
the treatment groups. 1 

5.2.2 Assessment of Driver Aid Devices - 

This section of the questionnaire was completed only by participants who 

had used either the dial-type vacuum gauge or the piston-type gauge.* Fifty- 

^ 54 , 



type felt that the' 



eight percent of the respondents using the dial-type reported that use of the 
gauge caused them to change the way they drive, and 36 percent of those using 
the piston-type reported a change in driving habits (Question 21). Sixty-six 
percent of d rivers^a^ing-the- diil-type felt that the ^ices helped them to 
save fuel, and 46 percent of those who used the piston-|t 
device was helpful in fuel conservation (Question 2), 

Fifty-nine percent of drivers using the dial-type s^^f>43hey would like to 
have the device remain on their car, while 27 percent of those who had the 
piston-type would like to have it ^remain (Question 20). /^n^y percent who 
had used the piston-type recommended That it be installed on all NTS vehicles, 
and 47 percent of those who had used the dial-type recoLended such installa- 
tion (Question 11),. 

Some of the attitudinal difference between drivers using the dial-type 
vacuum gauge and those using the piston-type gauge appears to be attributable 
to qualities inherent in the specific type of device which was used, rather 
than to vacuum gauges in general. For example, 66 percent of the drivers 
using the piston-type device reported that their gauges required replacement 
due to malfunction iin the course of the test, while 4 percent of the dial-type 
devices malfunctioned and required replacement (Question 8). 

it 

Drivers using the dial-type device apparently had no difficulty in 

reading the gauge while driving. This was not the case with those drivers who . 

used^the piston-type.' Fifty-four percent of piston-type users reparted that 
.the device was a distraction; 18 percent of dial-type users found the device 

distracting (Question 14). Drivers were asked if any "near accidents" had 
.resulted from use of the vacuum gauge. ,Four of the respondents using the 

piston-type device reported "near accidents"; no "near accidents" were attributed 
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to the g^uge by users of the dial-type device (Question 15). In addition, 81 
percent of dial-type users felt that the, vacuum gauge could be used effectively 
at night, while 25 percent of those with the piston-type said the gauge could 
be used at night (Question 24). ' | 

5.2.2 Assessment of Training Course . • 

Test participants who had receiv^ the driver training course were asked 
to evaluate the impact and effectiveness of the course. The course was given 
a posit i- assessment by the majority of participants: 81 percent reported 
that the training course had motivated them to drive their test vehicle more 
fuel efficiently-; '9'f^frrcent- f elt--that- the:^.cour-se -had^also XQ. _ 

drive their personal vehicles more fuel-efficiently; and 84 percent reported 
that they continue to practice fuel-conservation driving techniques learned in 
the training course (Questions 1, 2 and 3). 

Seventy-eight /p^ercent of the course participants thought the course 
should be given to all NTS drivers; 14^ percent did not recommend that the 
course be given (Question 7). 

Eighty percent of those who had participated gave the training course an 
overall rating of "good" or "excellent"; 14 percent rated the course- "fair," 
and only five percent gave^an evaluation of "poor" (Question 8) . . 
5.'2>3 Questionnaire Summary 

The results of this' questionnaire indicate an^overall positive response 
to the Driver Aid and Education Test Project. This is most evident in the 
assessments of the driver training course. The majority of, course participants 
indicated that the training coui;se was a valuable source of fuel-conservation 
driving techniques and a positive influence* on personal driving habits. 
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Response to the vacuuri gauge driver aids varied according to the type of 
v.acuum gauge used in the test.. The dial-type device was judged to be an ^< 
effective aid to f uel-e^icient driving; the piston-type gauge received a ' ' , 

generally negative response. This difference appears to result from a combina- 
tion of frequent malfunction and difficulties in reading the gauge which 
occurred with the piston-type device. These problems were not encountered by 
those participants who used the dial-type vacuum gauge. 
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6,0 OBSERVATIONS AND CONCLUSIONS 

The following observations and conclusions, listed in order pf importance, 
are based upon analysis of the results obtained from the Driver Aid and 
Education Test Proiect. 

^•1 The results obtained in this test project provide support ToTT^he 
hypothesis that measurable and statistically significant increases in fuel 
economy can be achieved by the use of a driver energy efficiency awareness 
training course a manifold vacuum gauge, or by use of the training -in 

conjunction with the manifold vacuum gauge, 

■J . . . ■ 

The fact that fuel economy improvements were also achieved in the 

untreated control groups indicates that some additional factor may have an 

influence on achievement of improv^^Tf^el economy. While improvements in the 

con^rol^groups were of smaller magnitude than those achieved in the treatment 

groups and are not considered ^statistically significant, these results indi- 

cate that sheer awareness that fuel economy is being measured may result in 

r - t ■ 

driving behavior which is more energy-efficient. 

/ 

It is highly probable that achievement pf improved fuel economy is 
Strongly influenced by the extent to which an individual driver- is motivated 
to save fuel. Provision of driver training and a device which provides fuel 
economy-related information can convert this motivatie^^nto real fuel economy 
improvements. However, an individual who is no^ motivated to save fuel may 
achieve no improvement, regardless of training and/or the'vacuum gauge. 

Peer interaction occurring within the context of a fuel economy test^ay 
provide a significant avenue for exchange of information about the objectives 
- of the- testv 'thusr- enhancing- motivation.- Such interaction may also result in 
exchange of infon.iation about methods for improving fuel econoniy. 
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6.2. The results obtained during the highway segment of the test are 

considered. more meaningful than the urban segment data. The validity of . 

*^ ■ 

the urban segment results is questionable for several reasons: A substan- 
tial numb^er of vehicles were not included when analysis ..of vaMance was 
performed on the urban backg round da ta and the urban groups barely met 
the criterion far inter-group similarity; the training program .presented 
to the urban segment drivers was different than the program used in the' 
highway segment; and the urban sample wa^ Less than half the size of the 
highway . segment sample. ' » . ■ 

VVhile these deficiencies do not conclusively establish that the 
urban segment results are invalid, they cer tainly imply that the highway 
* segment results should take precedence in making generalizations from the 
findings of this project. 

6.3 Review of the monthly trends in group fuel economy indicates an. 
apparent degradation of motivation or of behaviors learned in the training 
course fof most of the treatment groups. 

Depending i n the method of data aggregation used in analysis, the 
trend results could support several conflicting hypotheses, including . the 
presence or absence of tune-up degradation; ambient temperature effects; 
or the gradual loss of learned fuel-efficient driving habits. 

Since the trend data has not been subjected to statistical analysis, 
it is difficult to gene ral ize.^f rom it without citing, one or more exceptions 

. 6.4 Comparisons of the dijii-type and the piston-type vacuum gauges 
made us lag the Ave rage Group J^uel "Economy me t hod of data aggrega t ion show 
that bi)th gauges ach ieved s imi la r , significant increases in fu^l^ economy 
In the highway segment of the test. Th^e urban segment results,, while of 



less statistical importance, indicate a clear advantage "of the dial-type 
as compared to the piston-type gauge. Nonstatf^t^tal comparisons using 

■ - / .■ 

the fuel-weighted raetho4.fof data aggregation, also ilidicate a strong 
advantage for the dial-type gauge. However, the statistical analysis 
conducted indicates that ^ it is not possible to reject the hypothesis that 

/ • ' ft 

the two gauges tested were equally effective.- ^ l 

6.;5 The results of the .driver (^uestiofmares. 4pdicate that drivers who 
used the dial-type gauge gave a pbsitlye overall re^nse to the gauge about 
twice' as often as drivers who had used- the piston-ty'^. '^This may be due in 
part t^the frequent maMu^nctionlng -of the piston-type> gauge throughout the 
tek^ phases, and Eo relative 7^^«^^ty^ the" piston movement 

and its lack of range. . . 

6.6 Changes were made in the content and presentation of the training 
course'^between the highway and ur.ban segments', making it impossible to 
obtain adequate measures of the relative effects of the training course 
with respect to driving cycle. ' • 

6.7 No group correlation was found between^^el efficiency ratio (FER), 
as measured by the piston-type vacuum gauge, and relative fuel .economy . 
thus, FER cannot be considered as a^meaningful measure of f uel ^'ef f ic ien t 
driving techniques. ' 



7.() RECOMMENDATIONS • 

—7 r ' • ■ ■ 

'Based ypon the results of this test project, the following recommendations 

are offered: . ^ — . " * " 

7>1 GENERAL RECOMMENDATIONS ; 

The l^me'^diate installation of vacuum gauges alone on additional 
«'■■■. •* ' « » 

i»> ■ ■ ' ■ ^ . ■ 

government vehicles is not recomended at thisjtime. Use of vacuum gajuges 

should be considered only in con^nption with a formal program to motivate and 



train government drivers, in driver eriergy' conservation awareness techniques, 

^ ^ ' . ' ■ ' . ' ' ■ ; . ' ' 

and the gauges should only be used]*as a driver training, aid . 

7«1«2« It is recommended that the Department of Energy pcuvide contl,nU^d*' 

support pf or research in the area of fuel-efficient .dr iving .techniques . 

Specifically, questions of optimum acceleration rate, braking, turning, 

■ ■ ■ ■ • ^. ' ' p ■' 

stopping, hill climbing arid hill deic^nding should be investigated tO'' determine 
the o^Jtimum technique^ ftfr use in driver energy av?areness trairring curricula'. 
This type of research*^ arc tivity has -tworfold importance: ^the research can 
provide, useful, information for energy conservation arid- policy decisions using 
existing technology, ^nd^ the interest in fuel economy eicemplified by the 
projects will provide an example of energy xpnsejrvaJtiori activities which could 

• - ^ .'^ • " - • J ■ 

b_e*^pursued by other v^ehicle fleet operators. ' ' » ' 

; V. 7..1.3. Further faM^ysis of the data collected ' during this t'^st project ^ 
is ; rec6mmended, specl-f l^eally dn the areas of statistical methods; driver 

chartactferist ics, vehicle characteristics, the Hawthorne^, effect ,xor relation 

of , fuel economy with driver .characteri"«tics*artd' job^assignment^," and other' 

parameters that -may assist in explaining' data inconsistencies or Observed ■ 

• " . - ' < / • ' ' ' ■ ■ . *■ ' ■■ . . 

ajibmalies. ' ^ . . ^ ' ■ 0 . ' ^ . / 



• ;.1.4. ' It is recommended that the Federal Government consider ^institutio 
of the reqi^iTeineht that all applicants for federal driver's licenses (both " " 
government employees and government contractors) coioplete training in driver 
energy, conservation awareness prior to licensure. ^ ' 

W.1.5. It is recommended that a teaching textbook be prepared for 
vehicle fleet operators . This text should al^so be suitable for use" by . 
the public School system and the general public. 

7.1.6. It is recommended that further research in human factors be 

* ■ ■ 

initiated in order to develop' more effective methods of providing audio/ 
Visual/tactile feedback to the vehicle driver, facilitating fuel-eff icient ' 
drivir\g behavior. 
7.2 SPECIFIC recommendations ' 

7*2. l._ It i^ recommended that' the Dr<Lver ?nergy Conservation Awareness ' 
Training he continued, and expanded to include all Government-licensed' 

.drivers at the Nevada Test Sit6 and the Nevada Operations Office in Las 

■ ' . ' ' ■■ 

Vegas, Nevada. ' • 

7.2.2. It is recOmmerided that all light-^duty vehicles at the Nevada Test 
- Site be instrumented with dial-type 'vacuum gauges, but only in -cdnj unc'tibn 

with driver energy conservation awareness training. 

/ . . • ... 

7.2.3. It is recommended that fuel and mileage records be kept on all 

' ' . r • ^ ■ 

light-duty, vahicles at the. Nevada Test Site, in order to monitor the effects 
oj^^ dxiver training . 1 



7.2.4. It is recommended that driver energy conservation awareness 



;5t,raining methods be further refined and modified to suit th^^'specif ic driving 
environment and types of vehicles used at the Nevada Test' Site* 



62 • 



referenx;es^ • 

Books and Reports - 

l; U.S. Department of Transportation; Survey of Driver Aid [ Devices for 
' Improved Fuel 'Economy ] , DOT-^TSC-OST-76-45. 

2. Society of Automotive Engineers, Automotive Fuel Economy , Library of 
Congress //76-2569I. 

3. Moneysaver Books, 45 Ways to Save Gas , Moneysaver Book No. 14, 
Optima Publishing,^ Inc. 

4-- Roe, Doug^ The Whole Truth About Economy D riving , H.P, Books, No. . 
22, 1975, 17.4 pages. . 

5. Weiers, Ronald M., Chilton-^ s»»lore Miles-Per-Gallon Guidfe , Chilton 
Book Co., 1974, 131 pages. . 



6. U.S. Energy Resear^ch and Development Administcjiion', Finkl Environrriental 
Impact Statement , Nevada Test Site, Nye County, Nevada, ERDA-1561, 

^ ^^^^v ■ ' , . t , .,, , . ■ 

7. Blalock, Hubert M., Social Statistics , McGraw-Hill, Inc., 1972. 

•* 

Pamphle ts 

8. " American Automobile Association, Gas- Watchers Guide , St^ck No. 

2700. " ■ > . '■ ~~- f 

9. ^Department of Transportation, Gasoline; More Miles .Per Gallon , 

Office of Consumer Affairs, U.S. Government Printing-office, Stoqic 
No. 5000-00072. = 

10. -Douglas Aircraft Co ., Vehicular Energy Conservation Program , McDonnell 
Douglas Corporation, March 1975, B5t529. 



11 



Federal Energy , Administration , 1976 Gas Mileage Guide for New 'Car 
Buyers , U.S. Environmental Protection Agency , U.S. Govern^lplnt 
Printing Of f ice, ' 1976,- 2Q.3~025 . ' , 



12. Federal EnergA^'Administration, Tips For Energy Savers , U.S. Government 
Printing Office, 1975, 0-566-806.^ . 

13. Shell Oil Co .,. The, Gasoline Mlteage Book , Shell Answer Bool^ Mo. 3, ^ . 
19 76, Shell Oil Compajiy. , \ ' " ^ 

14 



EKLC 



U.Si Environmental Protection Agency, Factors Affecting Automotive 
Fuel Economy w Office ©f Air and Waste Management, May 1976, AW--455. 



63 



ik GLOSSARY 

IP^ * ■ ■ 

Analysis of Variance; A statistical technique used to determine the exttent to 
which each of several Independent variables has contributed to changes observed 
In the dependent .variable. In the Driver 'Aid and Education Test Pjpoject, 
analysis of variance was used to determine whether the use of a vacuum gauge 
driver aid and/or participation in a driver awa^ess training course (indepen- 
dent variables) contributed to changes in fuel economy (the dependent variable 
in this test) . . - ' ' • 

^pztverage Group - or Average Fleet - Fuel Economy The term used t:o represent 
the aggregation of fuel economy data on a group or fleet basis, which implies 
that each vehicle is equally important to the results, regardless of distance 
traveled or fuel consumed. 

DOE: The United States Department- of Energy. 

DOE/HQ ; Department of Energy Headquarters , Washington, D.C. ^ 
DOE/NV ; The Nevada Operations Office of the U.S. Department of Energy. 
DOT: The United States Department of Tran^a^ation. 

P0T~TSC : The U.S. Department of Transportatiojh, Transportations Systems 
Center (Boiston, Mass.). . 

Driver Aid Device: Any mechanical or electronic device which is used to J 
priovide the driver with information about engine or vehicle peformanc.e related, 
either directly or indirectly, to fuel economy. Driver aid device as used in 
this report refers only to the manifold vacuum gauges uaed .in the test project. 
Dynamometer: An apparatus for measuring the mechanical power output of ari 
engine or motor vehicle. 

FER.: ' Fuel Efficiency Ratio. Defined -as the number of low-vacuum events 

■ r . ■ . • - 64 ' ' . " 



divided by the number of engine starts observed during a given driving sequence 
as measured by .the pi'ston~type ^cuum gauge used in this project. 
Fuel-Weighted Average Group — or Average Fleet - Fuel Economy : The t^rm used 
to represent the aggregation of fuel e-conomy data on a group or fleet basis, 
which implies that each gallon of fuel consumed is equally important to fhe. 
results regardless of which vehicle consumes the fuel. Hawthorne Effect : The 
term used to refer to the observed fact that when human subjects are in a 
research project they may change their normal behavior because they perceive 
that this behavior is b^ing tested or evalu^t^d.^ These changes in behavior 
may either enhance or detract from the real effects of a spe cj. f ic t rea tmen t , 
thus confounding the results. 

tight-duty Vehicle : Any vehicle with a gross vehicle weight (GVW)' rating of 
less than 6 , 000 . pounds . 

Low-Vacuum Event Counter : A feature of the piston-type vacuum gauge used in 
^ this project • It records the number of times that the engine manifold vacuum 
drops below a set valued * 

Manifold Vacuum Gauge : A de vi ce wh ich* measu res and disp lay s ^ the value of 

■ . ■ j.% 

engine rntake manifold vacuum. High manifold vacuum (i.e. , low absolute 
manifold pressure) is generally associated with low power output and high fue„l 
economy. ^ ^ • 

MP£: Miles Per Gallon. The number of mil.es traveled per gallon'of gasoline 
consumed. . , *' : ' . . ^ 

MPH: Miles Per Hour.^, The- numbt?r-of ~mi4'es-^dTr^i7e-led-i^ — ^ 

N^: s The Nevadc-3 Test Site. A Federal reserve operated by the United States 

DGpartmenl of Energy, ap^rciximately '65 mi les Northv^^es't of Las Vegas, Nevada. 

* 

■ Odometer : An instrument for measuring the dis tance t rave Ie| by vehicle. 



Random Variation ; The opposite of a "significant'* variation, this is the term 
applied to results which have shown upon statistical analysis to have a random 
probability of five percent or more, indicating that the result in question 
could have occurred by chance, rather than in response to a specific treatment. 
REECO: Reynolds Electric and Engineering Cdmpany , Inc. , an NTS contractor.- 
Significance Level ; A term used to indicate the probability that a given 
result did riot occur by chance. For example, a significance level of ,05 
indicates a 95 percent probability that the result in question did not occur 
by chance. 

Statist ical Significance : 'IThen test results are termed "statistically signlfican 
this means that the data have been subjected to statistical techniques which 
permit the researcher* to reject the hypothesis (with a 5 pe-rcent or-less 
.chancy of. being wrong) that these results have come about by chance. 
Signifi cance Test ; The mathematical procedure used to. determine the probability 
that a' given result occurred by chance. 

TEC; The Division of Transportation Energy Conservation, a* division within 
the United States Departnrent of Energy. . 
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TEST VEHICLE CHARACTERISTICS AND LOG SHEETS 
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Figure A-1 — Typical Vehicle Characterization and Checkouf f^h^Pf^ 



FUEL ECONOMY TEST- LIGHT DUTY VEHICLES 
TEST VEHICLE SPECIFICATIONS AND ^YREPARATION 



.SPECIFICATION LIST 



CHECKLIST 



Date 



Car No* 

Year and Make_ 
Model & Body 



Vehicle I.D. No. 

Production; Otfier< 

Engine ^ 



Dlsp^ 



Net H.P. 



Engine No 



Compt Ratio* 



'^arb. Type & No 
Distributor .No. 



Exhaust System Type_ 
Transmission 



Rear Axle Type & Ratlo_ 



Brakes - Front 



Rear 



Tire 


Make 


Size 




Load Range 


Type . 


Cold 


Inflation - 


Tire Pressure 




,LF 


RF 




LR 


RR 


Test 


Weight 





Tires must have a minimum of 
100 mile (160 kraX Break-in 



^Engine oil Level ' . - ' 

jCoolant Level 
JTransmission Fluid Level 
"Belts and Hosed - Tight 
Jlmission Controls - Functional 
^Choke Operations 
JThrottle Operations ' 
_Pump and Nozzles - No leaks 



Jgnitlon Wires - Tight ^ 
Brake Drag - Not Excessive 



JTransmission Operation 
JTlre Pressure and- Condition 
^Engine Tune 

^Ignition-Tlming^ 

Jdle RPM__Idle Co, 

__Ignition Point Dwel l 
JWheel Alignment 
Air Cleaner - Clean i 



Ji/C Compressor Lead - Removed 
No Fuel Leaks 



_Manifold Head Valve 
Fan Clutch 



GHECK OPTIONAL EQUIPMENT 



ODOMETER ACCURACY 



_Power Disc* Brakes 
Power Drum Brakes 
_Power Steering 
_Alr Conditioning 
_Radlo 

_Power Seats 
_Power Windows 
Power Door Locks 



Actual 



Reads_ 



COMMENTS: 



TEST FUEL SPECIFICATIONS - ' - . CAR CHECKED BY: 

. DATE:_;^ 

Fuel Type and Grad e ' , 

Gravity (API or Specific) '\ ' > ' 
Reid Vapor Pressur e ' PSI (Pa) 

i * Ji 

Completed at the beginning of Phases Land II 

^ \ ' . ' ': . A2 ■ 



Figure A-2 Typical Vehicle Operating Profile Characterization Sheet* 



VEHICLE PROFILE 



Month 



Vehicle Number 



PLEASE CIRCLE BEST ESTIMATE 



Number of drivers assigned t this vehicle. 
12 3 or more 

Average number of passengers (excluding driver) 
. -0 12 3 or more 




Major, driving pattern: - -^l^^ 

MS' 

a. Slow speed (15 to 35 mph) stop and'go 

b. Moderate speed. (25 to 45 mph) few stops 

c. High speed (40 mph and up) few , speed ' changes 

Was air conditioning>used (percent of time)? 

0% 10% 20/^^30% 40% 50% 60% 70% 80% 90% 100% 



Were heavy loads (in excess of 100 lbs.) hauled (percent of time)? 
. 0% 10% 20% 30% 40% 50%> 60% 70% 80% 90% 100% 



^Submit this vehicle profile sheet to your Administrative 

.OYf ice within 4 working days following the end of each month. 



r 
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Table A-1 - Highway Test Segment , 



GROUP ASSIGNMENTS BY VEHICLE CHARACTERISTICS 



Group ,1 



Group 2 



Group 3 



Group 4 



Group 5 



Total 



(Piston 

Vacuum 

Gauge) 


(Control) 


(Training) 


(Ttaining 
Plus Dial 
Vacuum 
Gauge) 


(Dial-, y 

Vacuum 

Gauge) 




11 


10 


10 \ 


* 

11 


11 


53 


8 

45 


8 
45 


'10 
'48 


9 ' 
45 


7 

48 


42 
231 


. 1 












" 61 
3 


60 


63 
5 


■'- 62 
3 


,62 / 
I 


308 
18 


54 
10 


~ 52 
11 


54 
i 14 


11 


... Jp^^^; ^ 
' .53; 

13 


267 
59 



A-2 - Tally of Highway Sagl^ Vehicles by Characteristics 

/ INSTALLED 



TRANSMISSION AIR nuMBER 

_ "I^PE CONDITIONING OF VEHICLES 



Automatic Yes 53 

Automatic jfl ' y 

Automatic Yes . 41 

Automatic " .No 44 

Automatic yes igg 

Manual No 14 

Manual Yes- 4. 



TOTAL 



326 



Table A-3 - Urban Segment 



GROUP ASSIGNMENTS BY VEHICLE CHARACTERISTICS 



Characteristics o 




Group 1 


•Grfiup 2 


Group 3 


Group 4' 


Group 5 


total 






/ \ 

(Piston 
, Vacuum 
Gauge) 


(Control) 


(Training) 


(Training 
Ptus Dial 
Vacuum 
Gduge) 


(Dial 
Vacuum 
Gduge) 




Vehicle Size 
















V ;.;CorTipact 
Intermediate 

and Full 
1/2 ton Pick-up truck 
3/4 ton and 1 ton 
Pick-up truck 




15 

i 
7 

4 


15 

3 

7 f 
, 4 


15 

3 
6 

5 


15 

3 " . 
8 

3 


15 

2 

■ / 

' -/ 

4 / ' 


14 > 
35 

20 


Transmission Type 
















Automatic 
Manual 


/ 


27 

2 ■ ' 


27 

2. 


-, - 27 
2 


27 

. , . 2 


25 
2 


^33 
10 


TOTALS X 


5 


29 


29 


. 29 


29 ^ 


27 


143 



ERIC 
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FIGURE A-3 



SAMPLE 



TEST VEHICLE DRIVER'S LOG^ 



Month 



Vehicle No. 



Gallons 



Odometer 
Reading 



Date 



Station 



Driver 
Initials 



/ 



Submit this log sheet to your Administrative OfficewH 
4 working days following the end of each|mont:h. 
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S A MP L'E 
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VEHICLE NO. 



TEST VEHICLE LOG SHEET 



GALLONS 



IpDOMETER READING DATE 



STATION 



X. 



^ 



. » ^ 

i 



A 



APP ENDIX B 



TEST SITE CHARACTERISTTrc; 
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\^ . . ■ . APPENDIX B • ^ . ' 

\ • * ' ■ ' ■ ' ■ 
TEST SITE' CHARACTERISTICS . > , ' ^ ' 

je highway segmertt of the test was conducted at the Nevada Test Site, 

a Federal facility op'erated by the Department of Energy approximately 65 miles 

northwe.st of Las V^ga^, Nevada. (Figure B-l . ) The test site encompasses a 

contiguous area of approximately 1400 square miles, a major portion of which 

consists of flat or rplling desert area, but some of the site is mountainous 

/^eirrain with extreiue . road grades (Figure B-2). All main road's within, the NTS 

- are two or -four latie asphalt-paved ahd in good to-excellent" condition. 

*'-' 'r* . • ' ' . ' .. i. ' - 

. Typical:' driving within the area consists of trips of 10 to 30 miles, which is' 
, similar to most highway travel on public roads'. • ' 

Lo^al'weathdrTis typical of the surrounding desert: usu:aliy dry, 

. ■ - -* •■ ' • ' 

with infrequent, intense rainfall, w;Lnter snow at the higher altitudes^, and 

substantial . changes in^'diurnal temperature. Average annual precipitation 

• ♦ ■ . ' ■ . ■ ■ _ \ 

ranges from 4 to 12 inches, depending' upon elevation. Annual temperatures 

^^nge ^from Qop (-l8oc) in winter' to 115°? (45^0 during the summer. Mean 

* . . ■ ■ ■ 

temperatures' for the project period are presented in Figures^B-3 through 
B-5. • rf^ - . ' . : ^ 

Wind. speed at the site is usually low because most of the area is 
protected by mountains. Prevailing winds are from northeast, with 'an 

average speed of 7.2 mph. Wind speed is higher in the unprotected areas of the 
reserve, and wind-blown sand is a frequent phenomenon in .these areas* 

The urban test segment was conducted within the environsof Las Vegas, 

■ - ' ' ' ■ , ■ ' ^ ' • - 

Nevada. This area is. representative of a "moderately congested urban driving 

environment ,. with traffic concentration occurring during morning, noon and 

evening rush hbufrs. Las ^Vegas is more compact than most cities because 



''sui table building and living space is determined by available w^er supply . 

V Consequently , almost all of the inhabitants live and work within Jthe city 
limitSf Driving in vthis. segment' was typically the short, iti-city trips of 
the Clark County, .inspectors, maniagers, and, superyT§t)rs. " ' 

.Weather conditions' in Las Vegas ^re' sim'ilar to those at the Neva'd'a 

Test Site, although averatgi^ .tifeinperktures are Somewhat higher and diurnal 

■ ' . ^ ^ ' ' ( ^ ' ' ■ ,: ■ v . ,■. 

extremes smaller.- Due tpf-^the lack | of '{protect itre surrounding mountaihs. Wind 

** ' . , ■ ■ • ' 

.speeds .are greater than ^at tile NTS i Prevailing winds are from tftfe^ siouthw^t , 

>■ ' ' ' ^ ' • ' . <,.' » . 

with. an average speed of*9 mph. Rainfall in the city is* low, infrequent ,»^Tfd 

often intense. No measurable silpwfal 1 bccurred in the area during the test 

period.: - ^ - ' -^C' . ' ' 



. :^igures'B-6 and respectively, illustrate typical driving 

environment s at , the highway and^urban test sites. , ! 
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Fig. B-1 Nevada test Site 
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NOTE: All Darkened Are?' 

■'Are Level Driving Areas 
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Fig B-2 * 
TYPOGRAPHY^OF THE NEVADA TEST SITE 
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Figure B4 
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Figure B.6. Typical H^hway Tejt Segment priwing Environment at the Nevada Test Sitl^ 
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. ' f^UMMARY OF DRIVER^^ TRAINING 

• MFTHQ.n<q AND MATERIALS. \^ 



T 

1 

BACKGROUND 



All urbari and highway -^segment test 'drivers in Group. 3 (training only), , 

and' Group A (twining plus dial .vacuum gauge) attended a training coutse ^ . 

'designed to educate them in fuel-efficient driving techniques.' The. training 

- course was developed ►by REECO training perso;*nel at the Nevada Test .Site with 

'the assistance of FEA personnel and Mr- Robert Allen (McDonnell Douglas 

Company), an expert in , highway^ vehicle fuel conservation techniques.^ 

. Dey.elopment of the training course required approximately five months 

' '■ • • ' f ' . ■ 

' ■ ■ ~ ■ ' • • ■' . ' 

(September , *1976, to 'January^, 1977) . A workshop and pilot demonstration .of 

' ^ . / ^■ 

the^course were conducted at DOE offices in GerniaiitoXm , Maryland , in earl^ - 
January, 19 77* Approximately 20 participants from industry and Federal, state 

/ .V '■ ■ . ' ^ ■ : ■ . . ■ 

and local governments attende^d.- A refinement of the course was based upon 

. V ■ . ■ ■• 

[> ^ 

this workshop /demonstration, incorporating the suggestions supplied by ^ 
participants- ' ' > ' ' ' ■ ' 

The trairiing course presented to the highway se^gment part icipants w^ 
a four hour, program- Groups of 20 students were given a two hour '^classr oq6 
presentation which included an introduction describing only their part of the 
test, description of various fuel-saving driving techniques, class parti-^ 
cipation. Tanking these techniques, and two films demonstrating the effects 
of both efficient and inefficient driving techniques. Each studenf then spent 
approximately two hour^ in^ an instrumented vehicle . - Part of this time was 
spent as, a passenger, observing the responses of the instruments, and the 

reminder was speht actually driving the vehicle. Following, the in-vehicle - 

' ' ' . ■ '' ' ' <-■''' 

/ ■ '■ ■ ' • ■ ■ ■ O'x - 

■ ' . C2 
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''program; the students attended a half-hour ^^session , gt which time the course 
was summariz'ed, results of i,n-vehicle tests Vere presented, and each student 
was requested to • cojnplete an ' evaluat ion- of the course. 

. . The urban segment training course .was slightly modifi^^d from^ the 
highway segment version de'scribed above. The course was shortened to three 

■ hours^ class size averaged nine students , and a pre-ins t rue t ion , in-vehirle 
test was added to the " presen ta t ion . ' 

■ DETAILS OF THE TRAINING COURSE ' - • 

1- Slides on Fuel-Efficient Drivin p ; Tectiniques and Energy Conservation 
Awareness 

_ .ABproxJjnat^iy^^ 60 slides were shown and discussed' during the classroom 



demoi^stration. .Slide topics included air and tire drag, cold starts, 
acceleration, engine and vehicle size, vehicle speed effects, carburetor 
function, effects of engine wear , >iscos ity of lubricants, and types of 
instruments and gauges available. Additional slide topics included the energy 
crisis, 'maintenance methods>, and other subjects of related interest. This 
presentation was' designed to establish awareness of the energy crisis andc to 
promote me thods . wh ich each' student could use to improve his vehicle fuel 
economy. ' " . 

2. Group Participation " ^ - ■ 

Each class was divided into small working groups. Every group received 
a packet of 50 cards, each of which expressed a f ue 1 conserva t ion idea. The 
groups were instructe^ to discuss each, idea and arrange, the cards in order of 
relative importance according to group, consensus . Each group's ranking was 
then discussed with the en-tire c la j^s ; This method was used to stimulate group 
discussion and to assist the students in formulating questiotis. 



3. Films 

Two films were used in the highway segment tr^ning course: ^ ' 

"Featherfoot," by Honeywell, Inc.^ (30 minutes) was presented at the beginning 
of the course, and "Saving Energy on the Road," by Ramsgate Films (15 minutes) 
was shown during the fina^l session. Subsequent review of the training course 
indicated that the two films used in the highway segment ^were somewhat redun- 
dant. Therefore, only "Saving -Energy on the Road" was presented in the urban 
segment of the course. ' , ' ' ' ' m 

4. Carburetor Model . ^ 

A Rochester four barrel carburetor was used as a teaching aid during the 
course to illustrate the relationship between accelerator pedal movement and 
carburetor (Jjssppnse . The action of the choke', accelerator pump, and power 
valve were also demonstrated. 

v5. Instrumented Vehicles and In-Vehicle Instruction 

Three automobiles were instrumented for the training course. A dial 
vacuum gauge, a linear vacuum' gauge, and a fuel and distance totalizer were 
installed in each training vehicle (Figures C-1 through C-3). During 

•in-vehicle training, the student driver and the student passengers could 
observe th^ instruments function. Each student was instructed to d/ive 
"normally" over a specified course, during which fuel consumed and distance 

\raveled were measured. A driving instructor then demonstrated fuel-efficient^ 
driving techniques. Following the classroom instruction, each of the students 
was allowed to drive the vehicle again over the^same course. Fuel and 
distance were measured and compared to the results obtained prior to classroom 
instructions. Each driver was ^told how his fuel economy had changed and the 
reasons for his good (or poor) performance were explained. Diagrams of ^the 

highway and urban driving cycles are shown "in Figures C-4 and C-5. 

,C4 ' 

1x0 



6- Training Cou rse Eva luaj-?jnn 

After completion of classroom and in-vehide instruction, each student 
was asked to^ evaluate th-e course and to offer recommendations for its - 
improvement- -J 

7- Outcome of >T rain in^^ss ions . • • * 
The fuel economy achieved by each training course participant was 

■ . - 

measured during the in-vehicle training- The highway segment participants 
experienced an average improvement 'of 9.-9 percent- The urban segment parti- 
cipants experienced an average of 4-6 pe rcen t improvement . The lower rela^tive 
improvement of the urban groups may be due, at least in part, to an observed . 
increase in urban traffic congestion which occurred during the post-training, 
ih-^ehicle tests. 
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^ig. C-4 Highway Test Segment 
Driving Route for Training Course 



Up Grad(? 

Speed Limit: 45 rnpiy 



Straight^an^ Level 
Sp^'d Limit: 50 mph 



^tart/Finish Point 
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Fig. C-5 Urban, Test Segment 
'''•ying Route foV. Training Course 



Pinto 11 



Charleston ZZ 




_ Charleston 



/ 

4 



f 



(T) Traffic Light 
(s) Stop Sign 
.Yield Sign 



Sahara 
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APPE NDIX D 



DRIVE R AID AND EDUCATION TEST PROJgcr ^ 
., i m;. DRIVER questionn aire " RESULT S 



/ 



Dl 



Section A 



APPENDIX D 
^RIVEPj AID AND EDUCATION TEST PROJECT 
DRIVER QUESTIONNAIRE RESULTS' 

CQl^TROLGROUPj ^ST)^ 



\ 



TREATiviEi\rr Groups (n=222f 



Yes 



No 

' #(%) 



Q-^ ^ R'fi Vou keep a record of your mpg? 31 (54) 



14(25)' 



Did change 'your iStriying habits 
as a result of this program? 

Q.3. Do you continue to practice thesft 
changes? ^ • 

Q.4. Did the lack of information on your 

"ipg performance affect your attitude . 
toward the project? , ' 

Do you believe that fhe United States ; 
's currently experiencing an energy ' 
^crisis? • 46(81). 



Q-^- Po you feel that this project Was ^ 

worthwhile? , . 42(74) 




No 
Response 

#(%) N 


" Yes. 

\ #(%) . 


•Noi 

m 


; ,No 
Response 
#(%) 


V' / 


126(57) 


' 95(4^) ; 


' Id)- 




'134(60) 


88(40) 




24(42). 


131(5^) 


' 58(26) 


57(26) 



'45(79)> 

b ■ 



9(16) 
,8(14) 



28(13) ' 189(85) 



2( 4) 
7(12) 



159(72) 
174(78) 



54(24) 
41(18) 



5(2) 

( 

11( 5) 
14( 6| 



Soma of the'quMtions are out of a«qu»"fa due to formatirig considaratiofis. * ' * 

The baia from which tha parcantagaa ara calculated are not aqual to tha total number of participant's in aach of the 5 test groups. The n'a used in this 
table raflact the total number of group memban from whom this data had bean collectad at tha tin^a this rapoh was presented. However, scrutiny of 
those later responses which are not included shows no sigmficant deviation frofn the r^^^ 

Psrcantagas ihown ware rounded to the naareii whole number. ^" ' * . 
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Section A - Cont'd 



1 • 



c 



CONTROL GROUP (n=57) 



-4- 



Yes ' :i\io 
#(%) 



No / 
Response 



TREATMENT GROUPS (n=222) 



Yes 



No 



60(27) 



Q.8. Would' you have worked harder at 

, conserving fuel if you had been . ' 

paid for the fuel savings? . 14(25) 38(67) ' 5(9) 

0.5. How many people, to your knowjedge, drove your vehicle on a routine be is? 

' ' ' . , 

_ Control Group: 1 = 30; 2=13; 3 = 6; 4 ^0; 5 = 5; No response = 2 

^Treatment Group: 1 ='101; 2=57; 3 = 40; 4=11; 5:^12; No response = V 




154(69) 



13(6) 



-so 



Sectioh B (n=185) 



Q. r: Do you feel you understand how to use this device 
; ^ to help you drive rriore fuel efficiently? 



', .7 



Yes 

» #(%) 



150(81) 



Q. 2. Op you feel that the device helper! you ' ' 

save fuel? . 

>■ ' ; , , 

«■ ■ ■ '■ , 

Cj; 3. Did the. written instructfons (VacTach only) 
adequately explain the use of the device? 

5, Did you'dQ anything during, the test period ^i, 
to deactivate the device? 

Q, 6. D'd you attempt/toUive so as to minimize the 
. ^ntfmber of violaftioi (VacTach only)? 

0. 7, D^^ Vou feel pi cJe^ice'operated properly 
during-the test?J| V.* 



VacTach 
Motorminder 



1 



a. J. Was your dert|^e replaped at sometime during 
V the test because it malfunctioned? 

r - " ' ' " 

Q. 9, Vvould Some additional instruction on the use 

of the device hav?b?en useful? 

Q.10. Did you drive in Second gear more oiU 
after the device installed to ktr^ 
fror^i receiving violations (VacTafch) or 
registering low vacuum reading? 



VacTach 
Motorminder 

VacTach 
Motorminder 



( 



261 
741 



23 

'98: 



100(54) 
45(25) 

-2(1) 

44(24) 

121(65) 



37) , 
5 1. 42(23) 



36(19) 



23(12) 



} ■■ 



Section B - Cont'd 
- I 



'(. ' 



vQ.ll. Would you recommend that this style of vacuum 
z gauge be installed in all Nevada test Site 
light vehicles? ' / 

I' ■ 

Q-12.vHaveVou installed a vacuum gauge on your 
personal vehicle? 

P ''^., Was the device a distraction' / 

^•^5 ^^jd the device cause- any n,ear accidents? 

Would you like to have this device remain 
. ■• on your\car? . • 

^■21 Has the use of the device caused you to 
change the way you drive? * ^ 

^•24, Has practice using the device decreased 
the effort required to use it?,^ 



Yes 



VacTach 
J^otorminder 

V 

VacTach 
l^otorminder 

VacTach 
•^otorminder . 

VacTach . 
Motormihder 

vA^ach^ - 
'^otorminder 

VacTach 
'^otorminder 



11 
53 



64 



15(8) 

30 
20 



50(27) 
4(2) 



J^'j '82(44) 



20 
65 

14 
91 



85(46) 

' .J 

105(57) 



Section B - Cont'd 



p. 4.:. How much would you be willing t? pay:,„, similar t, the oneinstalied on your vehicla?. ' 

-SO: 47(25%| . , :-,.S2: 4(2%|. - ' $V .29(16| v ' W 24M3r). ' 

Q-IJ Whan was'the device useful? , " . ' ; • ^ - • 

. Acceleratir^^: 77(42%) ' Deceleratihg; 6(3%) ^ StL^ Drivinq. 70(38%) ' • 

.■ . Never: 32(17%)' , , No Response; ,0 " / . , . 

Q.^:- How often tlid you look at the d9vi« 

, / w:^^-':' >™^"e^^ 

Q.17/HowOft9ndidyou look afthe device toward the eni of th^^^^^ . ■ - . / 

lie: in your opinion, what percenjajs of fuel can be savedthrough diligent use of this device? . • . ' 

, - 'None: 14(8%1 1-5%: ,63(34./.) , : 6-10%: 55|30%) 1H5%' lo4l ' 

, ,6.20%: 513%) ■ • , Over 20%: 0 • . No Responle: 38(21%) f - ' . : 



Section B - Cont'd 



Q.19. How do you feel that the device and its use influence driving safety? 



Moderate Increase: 43(23%) Great Increase: 7(4%) 
Moderate Decrease: 20(1 1%) Great Decrease: 1(1%) 



Q.22. What degree of effort was required to read the display? 

^ Very E^t 126(68%) Moderately Easy: 35(19%) 

^^ryOmicuit: 1(1%) No Response: 17(9%) 

Q.23 Has practice using the device decreased the effort required to use it? 



No Affect: 96(52%) 
No Response: 18(10%) 



Moderately Diifficultr 6(3%) 



No Change: 77(42%) 
Much Easier To Use: 36(19%) 



Somewhat Easier To Use: 48(26%) 
No Response: 24(13%) 



Section C 



Q 1. Did the Tpaining Course (TC) motivate you to drive 
your vehicle more fueV efficiently? 

Q/ 2. Did the TC motivate you to drive your private 
vehicle(s) more fuel efficiently? 

Q. 3. If you stated yes on Questions 1 or 2, are you 
continuing to practice fuel conservation driving 
techniques? • 

4. Did you tell other members of your family about 
some of the TC fuel conservation drivirfg 
techniques? . 

Q. 5. Did the TC cause you to consider the purchase of a 
vacuum gauge for your personal vehicle? 

Q. 6, Would you like to receive /77ore information on fuel 
conservation driving techniques? ^^^-^ 

7 Would you like to see the course expanded to all 
Nevada Test Site licensed driver employees? 



Yes 



90(81) 
88(79) 

93(84) 

91(82) 
40(36) 
80(72) 
87(78) 



No 

#(%) 



21(19) 
23(21) 

2(2) 

19(17) 
68(61) 
28(25) 
15(14) 



No Response 

#(%) 



16(14) 

1(1) 
3(3) 
3(3) 
9(8) 



Q, 8. What is your current evaluation of the training course? 

Poor: 5(5%) Fair; 16(14%) Good: 73(66%) E^e|lent: 16(14%) No Response: 1(1%) 
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Section C - Cont'd 



Q. 9. Have you installed a vacuum gauge on your own 
personal vehicle? ' _ 

r 

Q.10. Would a well prepared movie have been as effecti</e 
as the Instructor conducted trainin^f course? 

Q.11. Did you feel handlc^ped because you did not have a 
device installed in your vehicle (Group 3 only)? 



Yes 
#(%) 



11(10) 
33(30) 
10(9) 



No 

#(%) 



99(89) 
74(67) 
41(37) 



No Response 
#(%) 




How co^ld TC be Improved? 


Emphasize 


Deemphasize 


No Response 


a. 


Classroom instruction 


53(48) 


12(11) 


46(^41) 


b. 


Behind'the-Wheel instruction 


84(76) 


4(4) 


23(21) 


c. 


Visual aids 


51(46) 


13(12) 


47(42) 


d. 


Question and answer period 


54(49) 


13(12) 


44(4ft) 


e. 


Detailed information'on vehicle functions 


66(59) 


8(7) 


37(33) 


f. 


Conservation movies 


51(46) 


15(14) 


45(41) 


g. 


Interaction among students > # 


32(20) 


19(17) 


60(54) 


h/ 


Other 
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ADDITIONAL TEST DATA 
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^ APPENDIX E , | ' 

f ' ' ■ . ^' ■ • ' • 

ADDITIONAL TEST DATA 

, Tables E-1 and E-2 present the test results by test group and vehicle 
class for the highway and urban test segmer ts, respect ivelyy Tables E-3 gyid 
E-4 present comparisons of the test result^^by test vehicle kge for' the 
highway and- urban segments, reapectively . 

Figures E-1 through E-6 present the comparison of Fuel^ Efficiency Ratio* 
versus fuel economy for the piston vacuum gauge groups tor each of the vehicle 
size classes^n each test segment. No general correlation between fuel 
economy and Fuel .Efficiency Ratio was found to exist in the data. ' ' 




Fuel Efficiency Ratio, (FER) is defined as the total number of low engine 
vacuum events divided by the number of engine starts. The piston vacuum 
gauge manufacturer claimed tii^ there was a correlation between FER and fuel 
economy. ^ , ■ 
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TABLE E-1 



Highway Segment Comparison of Phase I and Phase II Results by Vehicle Type 



Group 


Compact 


Intermediate 


^ Pickup Truck 


n 


'1 


2 . 


A 


n 


. 1 


2 


A 


n 


1 


2 




1. Pi$ton Vacuum Gauge 


. 11 


1 171 


18.1 


1.0 


8 


13.4 


13.6 


0:2 


45 




'12.1 


0.4 


2. Control 


10/ 


16.3 


16.7 


0,4 


8 


14.0 


14.1 


o.i.. 


45 


11.5 


11.7 


0.2 


3. Driver Training ' 
Cour;se 


10 


16.1 


16.1 


0 . 


10 


14.2 


14.6 


0.4 


48 


12.0 


12.5 


0.5 


4. Dial Gauge Plus 
Training 


11 


16.7 


17.5; 


.0.8 


' 9 


13.5 


14.7 


1.2 


45 


12.0 


12.4 


0.4 


_ — _ ' 

5. Dial Vacuum flj^ge 


' 11, 


16.4 


17.0 


0.6 




13.7 


14.2 


0.5 


48 


11.7 


12.2 


0.5 



Legend: r 



n = number of vehicles 

1 = mean fuel economy during ;P|;iase | (mpg) 

2 = mean fuel economy during Phase II (mpg) 

A= difference in means between Phases t and II (mpg) 



TABLE E-2 



Urban Segment Comparison of Background to Test Rjsults by Vehicle Type 



Test 
Group 


Compact 


-■1- A- 

Intermediate 


fickup Truck 


n 1 2 A 


V 

n 1 2 A 


n 12 A 


^ — — 

1/^ Piston Vacuum Gauge 


9 12.1 11.7 ■ 0.4 


3 8.2 9.8 t.6 


8 .10.4 . 9.8 0.6 


2. Control 


12 11.4 11.6 0.2 


6 9.7 10.7 fl.O 


10 9.5 10.0 0.5 


3. Driver Training 
Course 


13 10.8 11.8 1.0 


5 8.6 9.5 0.9 


9 9.7 10.2 yO.5 


4 Dial Gauge Plus 
Trailing 


11 11.5 12.1 . 0.6 


4 9.7 10.1 0.4 


9 8?«(.^_>2 0.6 


5. Dial Vacuum Gauge ' 

_i ' - ' 


12 .11.4 12.1 " 0,7 


2 - 11.5 - 


10 10.5 10.8 0.3 



Legend: 

n = number of vehicles 

1 = mean fuel economy during Phase I (mpg) 

2 = mean fuel economy during Phase II (mpg) 

difference in nieans between Phases I and II (mpg) 
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TABLE E-3 

Comparison of hfighway Segment Test Results by Vehicle Age 



'Group 


1969 : 

n 1 2 A 


1970 

n 1 2, A 


1971 

n 1 2 A 


1972. - 
n 1 2 A 


1 . Piston Vacuum Gauge 


n 13.2 13.8 0.6 


3 ,14.2 15.2 1.0" 


7 13.4 13,6 0.2 


3 13.4 13.4 0 


2. Control 


1 "^.14.0 14,0 0 


5 14,1 1J5.1 1.0' 


7 13.5 13.6 0.1 


1 13.0 14.1 1.1 


3, Driver Training * ^ 
Course 


3 "16.3,16:4 0.1 


1 16.2 ,17.7 1,5 


10 12.9 13,4 0,5 


-2 14.1 14.2 0.1 


^4. Dial Gauge Plus 
Training 


2 .16.3 15.3 -1.0 


3 14.2. 15.8 1.6 


)Q 13.4 13.9 0.5 


■ - • ^■ 
3 13.3 13.7 0.4 


5. Dial Vacuum Gauge 


1 15.7 14.4-1,3 


1 13,5 13.5 0 


11 13.5 13,2 0.3 


2 14.5 16.7 1.2 



Legend: 

n = number of vehicles 

1 = mean fuel economy during Phase I (mpg) 

2 = mean fuel economy during Phase 11 (mpg) 

A - diffdrence in means- between Phases I and l||(mpg) 
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TABLE E-3 (Continued) 



Group 


1969 

n l' 2 A 


1970 

n ' 1 2 a' 


1971 

n 1 \ 2 A 


1972 ■ 
n 1 2 A 


1, Piston Vacuum Gauge 


2 12.8 12.3 -5- 


"38 11.4 12.0 0.6 


7 15.7 18.5 2.8 


3 ' 18.1 IS.d -0.1 


2. Control 


2 13.3 I3.2l -.1 


45 11.9 ,12.7 0.8 
— '■ — * — — - — t 


1 11.0-11.3 0,3 


1 18.2 18.1 -0.1 


3. DriverVTraining 
Course^ 


1 11.9 12.8 0.8 


48 12.3 12.9 0.6 


2 16.0 17.4 1.4 


1 17.6 17.1 -0.5 

» ■' * 


4, Dial Gauge Plus 
Training 


1 1^12.7 1.4 


42 12.2 13.2 1.0 


3 15,4 17.3 1.9 


1 18.5 17.4-1.1 


5. Dial Vacuum Gauge 


2 l9Pi2.7 0,2 


42 11 8 12,8 1.0 

' i ' 


6 15.4 17.3 1.9 


1 19.0 17.7 -1.3 



Legend; 

n = number of vehicles 

1 = mean fuel economy during Phase I (mpg) 

2 = mean fuel economy during Phase II (mpg) 

^ = difference in means between Phases I and II (mpg) 
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TABLE E-4 

Comparisfon of Urban Segment Test Results bi^ Vehicle Age 





' Group 1 






1971 




1972 


1973 








b 


t 


A 


n 




t 


A 


n 


b 


t 




1. 


Piston Vacuum Gat^e - 


1 


10.8 


11.1 


0.3 


1 


8.2 


9.8 


1.6 


5 


Ma 


10.8 


-0.fr 


2. 


Control 


0 








-t 


9.9 


10.9 


1.0 


5 


mi 


^10.4 


01 


3 


Driver Training r 






■' . . ' . 






1 ■ 












'M. 




Course 


1 


11.8 


11.8 


0 


2 


7.8 


. 7.6 


-0.2 ' 


3 


ii.r 


- 9.8 


-0.3 


4. 


* ■ ■ -J. 

Dial Gauge Plus 
Training 


0 








3 


8.1 


8.2 . 


0.1 




11.3 


10.8 


-0.5: 


5.. 


Dial Vacuum Gaiige 


1 


11.7 


9.7 


-0.2 


2 


9.7 


11.2 


1.5 


2 


-12.7 


12.8 


0.1 



LeiBiend: 



) 



n = number of vehicles 

b = mean fuel economy during backgrcfund period (mpgj 

t = mean fuel economy during test period (mpg), 

^ = difference in means between'background and test (mpg) 
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TABLE E-4 (Continued) 



Group ' , . ' ; r 


1974 




1975 










b 


t , 


A 




K 


I 


a 


1. Piston Vacuurn Gauge 




11.2 


10.3 


-0.9 


5v 


11.4 


113 


-o.t 


2, Control 




10,7 


11,0 


0.3 


65 


10,3 


10.8 


0.5 


3. ' Driver-Training . 
Coarse' 

— 1- ; 


15 


k ■ 

10.0 


11,3 


. 1.2 


6 


10.9 


11.2 


0.3 


4. Dial Gau^lus 
Trainiijg . , 


8 


9,f 


9.8. 


0.7 




11.4 


^ 12.2 


0.8 


5. Dial Vacuum Gauge ' 


,13 


10.6 


11.4 


0.8 




114 


11.7 


0.3. 



Legehjd: 

n = number of vehicles * 

'I ■ ' 

b - mean fuel economy during background period (mpg) 

t = mean fuel economy during t^st period (mpg) 

A= difference in means between background and test (mpg) 



Rgure E-1 

Fuel Economy vs Fuel 

Efficiency Ratiol^ 
Compacts, Highway 
Te9t Segment 



X 



I i 



a 



1 2 3 4 5 
Fuel Efficiency Rafio (FER) 



Figure &2 # 

Fuel Economy vs Fuel 
Efficiency Ratio'' 
Intemnediates, Highway 
Test Segment 



J 



0 2 * 4 6 ■ 8 10 ,12 
Fuel Efficiency Ratio (PER) 



V 


' Figure E-3 




iFuel Economy vs|Fi)iel 




Efficiency Ratiq^ 




Pickups, Highway Sisgment 

^^^^^^^^ «a- 


— 14 ^ X- 


1 I I 1 1 1 1 t ;> 



18 



20 22 



6 8 10 12 14 16 
•fuel Efficiency Ratio (FER) 

# of Low Vacuum Events 



*Fuel Efficiency Ratio= 



# of Engine Starts 



M5 

■gl4 
E 

o . 
o 12 

10 



0 ^ .1; 



S. L 



I 



■2 3 -4 ; -;- 5 - 6 
Fuel Efficiency Ratio (FER) 
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2 \ 4 / 6; ^i*; ilO; , ::12 
Fuel Efficiency Ratio (FER) . 

♦Fuel Efficiency Ratio - 



^ Figure E-4 

Fuel Economy vs Fuel 
Eff icienpy R^tio'' 
Compactsi Urban 
^ Segmeht 




Rgure E-5 

Fuel Economy vs Fuel 

Ejpficiency Ratlo^> 
IntemiediateSir Urban 
S^ment 



12 3 '--4 5 6 7 
Fuel Efficiency Ratio (FER) 



Rgure E-6 ^ 

Fuel Economy vs Fuel 
€fficiehcy Ratio^ 
Pickups, Urban 
Segment 



1 



#'of Low Vacuum Events 



# of Engine Starts, 

ElO I r- 
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APPENDIX F * " 
AVAILABLE DATA FILES 

The following data files are available .on magnet:J.c tape at the Nevada 

I., 

Operations Office, Las Vegas Nevada: 
W Unedited Data (By Vehicle) 

- vehicle identification number 

- monthly fuel economy 

- mean mpg, Phase I^average monthly fuel economy 
standard deviation of monthly fuel economy, Phase I 

- vehicle year 

- vehicle make 

- vehicle model 

- transmission type (automatic/manual) ' 

- air conditioning (yes/no) 

- vehicle type (compact, intermediate, pick?^up) ^ 
test group 

2. Edited Data (By Month) 

^ . ■ - 

- test group 

- veh^le type ■ ^ ' 
vehicle identification number 

- date of record . / 
number of days since vehicle entry into test 

- fuel economy each month • 

3. Edited Data (By FiH-up) '"^^'^'^ 

test group . 
^ vehicle type 

- vehicle ident cation number. 



F2 . 



- - date of recofd 

r- number of days since etitry into test 

- f.uel economy - each fill-up (mpg.) 
Edited Vehicle Log Data 

- vehicle id<entif ication' number 

- fuel delivered (to 0.1 gallon) 

- odometer reading (miles) ^ 

- date of fill-up 

- number of days since entry. into test 
VacTach Data (Two files raw and edited data) 

- vehicle identification number 

- fuel delivered (to 0,1 gallon) 

- odometer reading (miles) 

f 

- date of fill-up 

- fueling station identification number 

- driver's initials 

- VacTach count of starts 

/ 

VacTach count of violations 
^^ehylcle Characteristics 
identification number 

- year 

- make 

- model 

- options 

- date entered Hhase I 
date entered Phase IJ 

- odometer -reading at start of test 



- date removed from test (if appropriate) 

- date primary driver was trained (Groups 3 and 4 only) 
Air Temperature at Mercury^ Nevada ' 

- date . ' 

- mean temperature 

- maximum temperature . 

- minimum temperature 

Unedited Test Vehicle Log Data (From fueling station) 

- vehicle identification number 

- fuel delivered (to 0.1 gallon) 

- odometer reading 

- date 

- fueling station identification number 
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